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PRESIDENTIAL  ADDRESS 


PRESENT  STATUS  OF  MAN  AS  HOST  TO 
ANIMAL  PARASITES 

WAYNE  W.  WANTLAND 
Illinois  Wesleyan  University,  Bloomington 


Wayne  W.  Wantland,  President ,  1957-58 


In  the  mind  of  the  student  of  na¬ 
ture,  two  phases  of  the  struggle  for 
existence  have  great  significance. 
Competition  among  ourselves  result¬ 
ing  in  war  we  shall  leave  for  the 
time  being  to  the  sociologists  and 
representatives  of  nations  gathered 
around  their  discussion  tables.  We 
shall  continue  to  nurse  some  degree 
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of  hope  that  these  specialists,  through 
debate,  conference  and  cooperative 
effort,  may  bring  about  in  the  think¬ 
ing  of  that  great  animal,  man,  a  lit¬ 
tle  more  appreciation  and  tolerance 
of  his  neighbor,  an  inkling  of  the 
realization  that  after  all,  there  may 
be  some  real  values  and  benefits  to 
Homo  sapiens  in  a  peaceful  life. 
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It  is  not  the  purpose  of  the  speak¬ 
er  to  pass  this  phase  of  the  problem 
in  its  entirety,  and  for  all  time,  to 
the  stalwart  frames  of  the  students 
of  governments  and  societies.  There 
is  indeed  reason  to  believe  that  stu¬ 
dents  in  other  fields  are  vitally  in¬ 
terested  in  the  problem  of  war  pro¬ 
phylaxis  and  have  repeatedly  placed 
their  shoulders  to  the  wheel  in  a  co¬ 
operative  effort  toward  its  solution. 
This  is  certainly  true  of  the  student 
of  science.  The  significance  of  this 
phase  of  the  struggle  for  existence 
is  second  to  none  in  the  minds  of  all 
here  today.  However,  let  us  defer 
consideration  of  this  phase,  for  the 
present,  in  favor  of  another  phase 
of  the  struggle  for  existence  or  at 
least  ascendancy,  namely  our  fight 
with  certain  organisms  that  cause 
disease.  Furthermore,  in  accordance 
with  the  time  allotted  me  may  we 
turn  our  attention  more  specifically 
toward  a  consideration  of  the  sci¬ 
ence  of  parasitology  and  the  nature 
of  some  of  those  disease-producing 
and  disease-carrying  organisms  that 
find  man  a  most  suitable  host  and 
which  because  of  certain  character¬ 
istics  are  labeled  animals  instead  of 
plants. 

An  animal  parasite  may  be  defined 
as  any  animal  organism  living  upon 
or  within  another  at  the  expense  of 
the  latter.  This  biological  relation¬ 
ship  is  one  which  prevails  rather 
widely  throughout  the  animal  king¬ 
dom,  and  its  origin  is  speculative. 
In  the  study  of  animal  parasites  one 
quickly  discerns  that  one  of  the  out¬ 
standing  characteristics  of  these  or¬ 
ganisms  is  the  marked  capability  of 
the  reproductive  system  for  perpetu¬ 
ation  of  the  species.  We  shall  men¬ 
tion  later  the  tremendous  fecundity 


of  some  of  these  forms  that  trespass 
upon  our  innards  as  well  as  the  ex¬ 
teriors  of  our  bodies. 

The  science  of  animal  parasitolo¬ 
gy,  though  one  of  the  older  branches 
of  science,  has  only  comparatively 
recently  achieved  the  greater  recog¬ 
nition  so  long  deserved.  The  medical 
schools  of  this  country  for  a  long 
time  deemed  it  neither  necessary  nor 
of  any  great  import  to  teach  their 
students  very  much  about  animal 
parasites.  True,  in  the  better  class 
of  medical  colleges  one  received  a 
lecture  or  two  on  the  malaria  sporo- 
zoa,  the  hookworm  and,  if  lucky,  the 
opportunity  to  peek  through  a  mi¬ 
croscope  at  trichina  larvae  encysted 
in  striped  muscle.  Beyond  this  rather 
scant  and  superficial  treatment  one 
could  only  gather  that  parasites 
were  interesting  but  unwelcome  and 
loathsome  creatures  or,  at  best,  forms 
having  significance  and  importance 
only  in  tropical  medicine.  Moreover, 
there  was  little  reason  to  fear  any 
of  the  really  important  parasites  of 
the  tropics  or  the  Orient  due  to  the 
great  distance  of  our  populace  from 
these  sources  of  infection.  In  the 
minds  of  many  the  term  “parasitol¬ 
ogy”  signified  something  repulsive, 
dirty,  and  having  to  do  with  worms 
and  other  sorts  of  crawling  and 
creeping  things.  This  was  hardly  a 
proper  subject  for  conversation  even 
among  medical  men  experiencing  re¬ 
peated  contact  with  disease  and  all 
its  unattractive  features.  When  some 
well-known  and  highly  respected  cit¬ 
izen  was  clearly  demonstrated  to 
have  pinworms  or  to  have  become 
the  unwilling  and  embarrassed  host 
to  body  or  head  lice  (and  this  did 
and  does  happen),  it  was  a  down¬ 
right  calamity,  a  situation  justify- 
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ing  prompt  if  not  desperate  meas¬ 
ures — perhaps  even  an  appendecto¬ 
my  in  the  first  instance  and  at  least 
a  sojourn  ostensibly  to  visit  an  ail¬ 
ing  aunt  or  uncle  for  the  last-named 
affliction. 

Events  leading  up  to  and  includ¬ 
ing  World  War  II  and  the  Korean 
conflict  created,  among  other  needs, 
an  urgent  call  for  trained  parasitolo¬ 
gists.  In  various  parts  of  the  world 
parasitological  problems  presented 
themselves  for  solution- — not  to  be 
solved  sometime  in  the  future  but 
immediately  if  at  all  possible.  Ma¬ 
laria,  for  example,  in  addition  to  in¬ 
capacitating  thousands  of  persons  in 
our  own  southern  states,  became  an 
additional  hazard  to  our  armed 
forces  in  the  Central  and  South  Pa¬ 
cific  areas  and  threatened  to  help 
defeat  many  a  mission  unless  more 
successful  measures  of  malaria  con¬ 
trol  and  treatment  were  quickly  de¬ 
veloped.  Other  parasitic  diseases 
such  as  filariasis,  trypanosomiasis, 
schistosomiasis,  amoebic  dysentery, 
and  leishmaniasis  attacked  our  serv¬ 
ice  personnel  at  various  points  along 
the  vast  fighting  front.  At  the  out¬ 
break  of  hostilities  there  were  com¬ 
paratively  few  persons  who  had  ex¬ 
perience  with  even  the  more  common 
parasitic  diseases  in  this  country 
such  as  malaria,  taeniasis,  oxyuria¬ 
sis,  and  amoebiasis,  and  most  of  them 
knew  little  or  nothing  about  the  eti¬ 
ological  agents,  life  cycles,  and  vec¬ 
tors  carrying  and  producing  para¬ 
sitic  disease  in  the  Orient  and  the 
tropics.  Immediate,  fast  and  effec¬ 
tive  action  was  imperative  against 
both  the  Oriental  military  forces  and 
parasitic  diseases.  Special  courses  in 
parasitology  were  given  to  medical 
officers;  the  national  government  en¬ 


couraged  and  supported  research 
projects  to  gain  new  knowledge  in 
the  field  of  parasitology,  and  groups 
of  highly  trained  personnel  were  or¬ 
ganized  to  study  special  problems 
and  to  develop  adequate  control  and 
protection  in  remote  areas  suddenly 
become  centers  of  great  activity. 

This  rather  sudden  acceleration  in 
the  growth  of  the  science  of  parasit¬ 
ology  and  the  increased  cognizance 
of  the  importance  of  animal  para¬ 
sites  and  their  relationship  to  man, 
all  occasioned  by  human  conflict, 
subsided  some  of  course  with  the  ces¬ 
sation  of  active  war.  However  the 
many  problems  presented  and  the 
others  uncovered  in  this  area  of  sci¬ 
ence  during  turbulent  times  stimu¬ 
lated  many  to  increased  efforts  in 
continued  study  of  parasitic  diseases 
both  at  home  and  abroad.  Growth  in 
these  endeavors  might  well  continue, 
for  changes  in  social,  economic  and 
physical  relations  with  other  parts 
of  the  earth  have  placed  us  in  a  po¬ 
sition  where  we  can  no  longer  take 
merely  an  academic  interest  in  para¬ 
sitic  diseases  found  predominantly 
in  other  countries,  especially  those 
of  the  Par  East  and  the  tropics.  We 
must  now  recognize  that  we  are  in¬ 
habitants  of  a  ball  of  matter  which 
has  diminished  to  a  point  where  it  is 
not  more  than  a  few  hours  by  jet 
plane  between  any  two  capital  cities 
on  earth  and  where  rocket  missiles 
transporting  devastating  explosives 
or  perchance  disease -producing  or¬ 
ganisms  and  disease-carrying  vectors 
can  be  dropped  in  our  laps  from  the 
opposite  side  of  the  globe  in  a  matter 
of  minutes.  Parasitic  protozoa  and 
disease-carrying  arthropods,  quite  as 
well  as  dogs,  can  be  transported  by 
Sputniks.  With  the  more  recent  and 
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rapid  developments  in  transporta¬ 
tion  and  speed,  many  problems  take 
on  new  importance  and  added  sig¬ 
nificance.  Even  a  few  years  ago  we 
did  not  need  to  worry  much  about 
tsetse  flies  and  their  passenger  try¬ 
panosomes  or  Phlebotomies  flies  car¬ 
rying  Brazilian  leptomonads  ;  we 
thought  little  about  scrub-typhus- 
infected  Trombiculidae  from  the 
Malayan  archipelago  and  even  less 
about  encephalitis-virus-infected  Ix- 
odidae  from  Russia.  Cases  of  filaria- 
sis,  leishmaniasis,  and  hepatic  disto- 
miasis  were  of  interest  only  to  those 
foolish  parasitologists  who  journeyed 
far  into  the  tropics  or  to  the  Orient 
to  investigate  some  bizarre  disease 

entirely  “out  of  this  world.”  Today 
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there  are  few  parasitic  diseases  and 
few  disease  vectors  from  which  we 
can  consider  ourselves  safe  from  at¬ 
tack.  Our  best  protection  is  to  pro¬ 
mote  greater  knowledge  and  under¬ 
standing  of  animal  parasites  which 
occur  in  immediate  areas  as  well  as 
those  organisms  which  may  be  infil¬ 
trated  from  one  region  of  the  earth 
to  another  more  readily  today,  re- 
suiting  in  hitherto  foreign  diseases 
being  brought  closer  to  our  front 
doors. 

During  the  past  two  decades  the 
increased  study  of  animal  parasites 
and  diseases  which  they  cause  in 
man  and  other  animals  has  of  course 
resulted  in  the  accumulation  of 
much  new  and  valuable  information. 
Greater  emphasis  on  health  educa¬ 
tion,  improved  sanitation  rules  and 
practices  including  rigid  regulations 
pertinent  to  plumbing  installations, 
garbage  and  sewage  disposal,  peri¬ 
odic  examination  of  food  handlers, 
more  efficient  food  inspection,  better 
processing  and  storage  of  foods,  the 


development  of  more  effective  insec¬ 
ticides,  and  more  complete  programs 
to  eradicate  rodent  pests  have  given 
us  more  efficacious  prophylaxis  and 
thus  greater  assurance  against  para¬ 
sitic  diseases.  When,  in  spite  of  these 
improvements  as  regards  prevention, 
various  parasites  succeed  in  gaining 
a  foothold,  new  methods  of  treat¬ 
ment — new  less  toxic  and  more  ef¬ 
fective  medications — provide  us  still 
other  weapons  with  which  we  can  in 
most  instances  successfully  defend 
ourselves.  However,  all  of  these  im¬ 
provements,  all  advances  in  knowl¬ 
edge  in  this  area  still  are  not  enough 
to  steal  from  man  the  role  of  a  su¬ 
premely  hospitable  host  to  parasites. 
He  persists  in  aiding  unintentionally 
or  in  ignorance  their  perpetuation 
and  oftentimes  is  deeply  offended  if 
his  attention  is  called  to  the  fact  that 
lie  is  abetting  in  the  welfare  of 
disease-producing  forms.  To  renew 
faith  in  the  continuance  of  the  prac¬ 
tice  of  aiding  such  organisms  one  has 
only  to  observe  the  perennial  beha¬ 
vior  of  a  new  group  of  graduate 
students  and,  alas,  the  practices  of 
some  of  the  more  experienced  labora¬ 
tory  personnel  as  they  lick  gummed 
labels,  chew  ends  of  pencils  or  bite 
their  fingernails  in  animal  rooms  or 
microbiology  laboratories.  Again,  in 
any  of  the  multitudinous  public 
gatherings  of  our  kind  one  may  ob¬ 
serve  a  variety  of  behavior  patterns 
ranging  in  their  bases  from  absolute 
ignorance  of,  through  utter  disre¬ 
gard,  to  complete  disdain  for,  con¬ 
tamination  of  others  by  the  irritat¬ 
ing  currents  from  the  cough  and  the 
drowning  shower  from  the  sneeze. 

Let  us  now  turn  to  a  consideration 
of  some  specific  animal  parasites 
which  have  and  still  do  constitute  a 
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definite  menace  to  mankind.  For  con¬ 
venience  let  us  divide  these  into 
three  categories:  1)  parasites  ac¬ 
quired  by  man  through  the  con¬ 
sumption  of  improperly  prepared  or 
contaminated  food;  2)  parasites 
transmitted  by  arthropod  vectors 
and  certain  endoparasitic  forms  ac¬ 
quired  by  direct  contact  with  other 
persons  harboring  such  organisms ; 
and  3)  ectoparasites.  An  exhaustive 
treatment  of  forms  classified  in  the 
above  categories  is  of  course  not  pos¬ 
sible  here.  The  author  will  limit  con¬ 
sideration  to  two  or  three  represent¬ 
ative  organisms  in  each  of  the  afore¬ 
mentioned  groups. 

In  the  first  category  attention  may 
well  be  directed  toward  a  tiny  pro¬ 
tozoan  known  as  Entamoeba  histoly¬ 
tica.  The  disease  caused  by  this  or- 
ganism  is  known  as  amoebiasis  or 
perhaps  more  commonly  as  amoebic 
dysentery.  This  parasite  has  a  great, 
though  often  latent,  capacity  for 
causing  disease  and  a  wide  geo¬ 
graphical  distribution.  Routine  ex¬ 
aminations  of  feces  made  by  compe¬ 
tent  microscopists  seldom  indicate 
less  than  5  to  10%  infection  of  the 
entire  population.  A  recent  survey 
in  Tennessee  showed  more  than  10% 
of  the  rural  population  infected  and 
over  22%  in  one  group  of  counties 
were  found  to  harbor  this  amoeba. 
One  of  the  most  remarkable  findings 
was  a  60%  infection  in  900  people 
examined  in  the  Kola  Peninsula  of 
Russia,  a  locality  lying  within  the 
Arctic  Circle.  The  amoebiasis  epi¬ 
demic  which  occurred  during  the 
Chicago  World’s  Fair  in  1933 
brought  this  parasitic  disease  into 
considerable  prominence  in  the  Mid- 
West.  Defective  plumbing  in  hotels 
and  “carrier”  food  handlers  caused 
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1000  known  cases  of  amoebiasis  and 
58  deaths  scattered  over  206  cities  of 
the  United  States. 

Identification  of  the  etiological 
agent  of  this  disease  requires  spe¬ 
cialized  training,  for  this  amoeba  is 
enough  like  other  harmless  forms  of 
amoeba  in  appearance  to  confuse  the 
ordinary  observer.  In  acute  cases  of 
amoebic  dysentery  are  found  the  ac¬ 
tive  motile  forms  which  have  in¬ 
vaded  the  intestinal  wall  and  per¬ 
haps  the  liver,  giving  rise  to  ab¬ 
scesses  and  even  perforations  in  ad¬ 
vanced  cases.  Such  patients  rarely 
recover  but  are  not  a  menace  so  far 
as  transmission  of  this  malady  is 
concerned.  As  in  the  case  of  tv- 

tv 

phoid,  we  have  here  a  type  of  dis¬ 
ease-producing  organism  which  is 
transmitted  by  so-called  “carriers” 
in  whom  no  demonstrable  symptoms 
are  found,  but  who  carry  the  amoe¬ 
ba  in  a  quiescent  cystic  form  and, 
like  Typhoid  Mary,  are  capable  of 
infecting  others  through  foods  han¬ 
dled  by  them  or  through  water  con¬ 
taminated  b}^  improper  sewage  dis¬ 
posal. 

The  essentials  in  the  prevention  of 
amoebic  infection  are  sanitation  and 
protection  of  water  and  vegetables 
from  pollution  and  contamination. 
Sanitary  water  systems  are  absolute- 

tv  tv 

ly  essential.  In  view  of  the  plumbing 
hazards  discovered  in  Chicago  in 
1933,  public  health  officials  and  city 
governments  have  appropriated  ad¬ 
ditional  funds  for  periodic  inspec¬ 
tion  of  hotels  and  public  buildings 
but  the  inspections  are  inefficient  in 
many  instances.  There  is  some  evi¬ 
dence  that  cvsts  of  Entamoeba  his- 
tolytica  are  transmitted  from  person 
to  person  or  from  contaminated  food 
to  host  by  some  insects,  particularly 
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the  common  house  flv.  Several  fly- 
borne  epidemics  have  been  described 
in  tlie  literature.  In  the  treatment  of 
amoebic  dysentery  emetin  lias  been 
largely  replaced  by  such  antibiotics 
as  terramycin,  erythromycin,  and 
aureomycin.  However,  except  where 
there  is  acute  dysentery,  certain  of 
the  arsenicals  and  iodine  drugs  are 
still  preferred  since  the  antibiotics 
though  highly  effective  sometimes 
cause  serious  disturbances  through 
elimination  of  the  normal  bacterial 
flora  from  the  intestine. 

Another  serious  parasite  that  gains 
entrance  to  the  human  body  through 
the  ingestion  of  improperly  pre¬ 
pared  or  contaminated  food  is  a  mi¬ 
croscopic  roundworm  known  as  Tri- 
chinella  spiralis  or  more  commonly 
as  the  trichina  worm.  Trichina  in¬ 
fections  are  found  most  frequently 
in  omnivorous  or  carnivorous  ani¬ 
mals  under  natural  conditions.  Manv 
animals,  including  the  dog,  cat,  mon¬ 
key,  guinea  pig,  rabbit,  rat,  and  oth¬ 
ers  may  be  experimentally  infected. 
Man  becomes  infected  most  com¬ 
monly  as  the  result  of  ingestion  of 
raw  or  insufficiently  cooked  trichin- 
ous  pork.  Upon  reaching  the  stom¬ 
ach  of  the  host,  the  larval  forms  are 
liberated  from  enveloping  capsules 
and  the  surrounding  muscle  tissue 
by  the  action  of  the  gastric  juice. 
The  sexes  are  separate.  Maturity  is 
reached  in  from  three  to  five  days 
and  copulation  occurs  in  the  small 
intestine  of  the  host.  The  adult  vivi¬ 
parous  females  penetrate  the  intes¬ 
tinal  villi  and  deposit  thousands  of 
living  larvae  in  the  lymph  system  or 
directly  in  the  blood  stream.  These 
minute  wrigglers  are  carried  by  the 
blood  through  many  tissues  of  the 
body  but  for  some  reason,  at  the 


present  imperfectly  understood, 
thev  select  onlv  striated,  voluntary 
muscle  in  which  to  build  a  home. 
When  the  larvae  invade  the  muscle 
fibers,  movement  of  certain  muscles, 
e.g.  those  concerned  in  the  motion 
of  the  eye,  in  respiration,  mastica¬ 
tion  and  deglutition,  becomes  seri¬ 
ously  impaired  and  death  may  occur 
as  the  result  of  dyspnea  or  from  the 
inability  of  the  body  to  withstand 
the  accumulation  of  waste  products 
of  the  larvae.  If  the  individual  sur¬ 
vives  the  muscle-invasion  phase, 
symptoms  subside  somewhat  but  re¬ 
current  muscular  pains,  stiffness, 
soreness,  and  weakness  may  persist 
for  months.  Rather  thick  hyaline 
capsules,  usually  elliptical  in  shape, 
are  formed  and  entirely  surround 
the  invading  larvae  bv  the  end  of 
the  eighth  or  ninth  week  following 
infection.  These  cysts  ultimately  be¬ 
come  calcified. 

Routine  microscopic  inspection  of 
all  marketed  pork  for  trichina  has 
been  tried  in  this  country  and  in 
Europe  with  little  success,  since  it 
is  impossible  to  examine  micro¬ 
scopically  all  of  the  muscle  of  the 
thousands  of  pigs  slaughtered  and 
shipped  annually.  X-ray  irradiation 
has  produced  sterile  larvae  in  pigs 
but  irradiation  of  thousands  of  hogs 
killed  daily  is  not  practical  and 
would  be  questionable  from  a  public 
health  standpoint  in  view  of  recent 
reports  on  radiation  hazards.  Estab¬ 
lishments  in  the  United  States  today 

«/ 

which  are  operated  under  Federal 
supervision  regularly  process  such 
pork  products  as  summer  sausage, 
Italian  style  ham,  and  salami,  which 
are  usuallv  eaten  without  cooking. 
At  the  present  time,  most  of  the  ani¬ 
mals  slaughtered  in  this  country  are 
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subjected  to  Federal  inspection  but 
this  inspection  does  not  include  in¬ 
spection  for  trichinae.  Pork  prod¬ 
ucts,  therefore,  which  have  not  been 
especially  processed  in  establish¬ 
ments  operated  under  Federal  su¬ 
pervision  may  he  regarded  as  possi¬ 
ble  sources  of  trichinae  infection  and 
can  be  made  safe  for  consumption 
only  by  thorough  cooking. 

The  incidence  of  trichiniasis  in  the 
United  States  is  difficult  to  deter¬ 
mine  since  all  cases  are  not  recog- 
ized  and  all  states  do  not  require 
that  cases  of  trichiniasis  be  reported. 
In  three  years  (1930-1932  inclusive) 
New  York  state  alone  reported  a  to¬ 
tal  of  102  cases  in  New  York  City 
and  119  cases  upstate.  More  recently 
(1941-1944)  autopsy  findings  in 
Rochester,  New  York,  Boston,  and 
Washington,  D.  C.,  show  an  inci¬ 
dence  of  from  16.5  to  27.6%.  One 
of  the  greatest  epidemics  of  trichini¬ 
asis  occurred  in  the  German  Army 
during  the  first  World  War.  The 
soldiers  became  extremely  hungry 
and  stole  live  shoats  which  they  bar¬ 
becued  over  open  fires.  Many  of 
these  animals  harbored  trichinae 
and,  in  their  eagerness  to  satisfy 
their  appetites,  the  soldiers  did  not 
wait  for  the  meat  to  be  thoroughly 
roasted.  In  some  of  the  infected 
groups,  the  mortality  was  as  high 
as  25%  and  great  difficulty  was  en¬ 
countered  in  suppressing  other  out¬ 
breaks  because  of  the  desire  of  the 
men  for  meat,  even  in  the  raw  state. 
It  would  have  been  interesting  to 
compare  the  incidence  of  trichiniasis 
and  other  parasitic  diseases  result¬ 
ing  from  the  ingestion  of  improperly 
prepared  meats  containing  parasitic 
forms  during  the  years  of  World 
War  II  —  particularly  the  summer 


and  fall  of  1945 — with  previous  and 
subsequent  years.  Due  to  the  meat 
shortage  of  this  year,  one  might  ex¬ 
pect  a  lower  incidence  and  yet  it 
cannot  be  denied  that  there  was  defi¬ 
nitely  a  state  of  “meat  hunger” 
which  could  easily  have  resulted  in 
increased  consumption  of  rare  and 
raw  meats.  Too,  the  bodies  of  many 
animals  not  usually  considered  edi- 
ble  by  either  the  wife  in  the  kitchen 
or  the  chef  in  the  inn  were  regarded 
with  savory  similitude — -indeed  fla¬ 
vored  favor — and  were  served  gar¬ 
nished  with  parsley  and  parsnips, 
camouflaged  with  piccalilli  and  pep¬ 
per,  and  relished  as  the  most  choice 
cuts  of  beef  might  be  enjoyed  with 
utter  disregard  for  such  a  possible 
calamity  as  a  parasitic  disease. 

I  should  like  to  direct  attention 
briefly  to  one  other  type  of  worm 
acquired  by  ingesting  improperly 
prepared  meat  containing  larval 
forms,  namely  the  Cestoidea  or  tape¬ 
worms.  Species  of  tapeworms  which 
infect  man  range  in  their  adult 
size  from  very  small  forms  10  mm. 
in  length  (Hymenolepis  nana,  the 
dwarf  tapeworm)  to  as  much  as  30 
feet  ( Diphyllobothrium  latum ,  the 
fish  tapeworm).  The  incidence  of 
tapeworm  infection  is  greatest  in 
certain  areas  and  among  certain 
groups  where  pork,  beef,  and  fish 
are  consumed  in  the  raw  state  or  at 
best  rarely  done  and  where  cereals, 
meals  and  flour  are  not  protected 
from  contamination  by  rodents.  Man 
may  harbor  either  the  larval  or  the 
adult  stage  of  certain  tapeworms. 
Infection  with  the  larval  stages  is 
considered  the  more  serious.  The  life 
cycles  of  tapeworms  include  varying 
periods  of  time  spent  in  at  least  two 
hosts,  sometimes  more. 
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A  few  years  ago  one  of  my  major 
students,  a  young  man  from  Ethio- 
pia,  determined  to  test  the  veracity 
of  accounts  in  standard  textbooks  of 
parasitology  pertinent  to  the  symp¬ 
tomatology  manifested  in  a  person 
harboring  Taenia  sag  mat  a,  the  so- 
called  beef  tapeworm.  The  study  of 
cysticerci  in  my  class  in  parasitology 
reminded  him  of  the  bladder  worms 
he  had  observed  in  samples  of  beef 
consumed  by  some  persons  in  his  na¬ 
tive  country.  Accordingly  he  sent 
home  for  some  of  this  “jerky”,  dem¬ 
onstrated  the  cysts  to  me,  enlisted 
the  services  of  a  local  practitioner 
of  medicine,  and  ingested  half  a 
dozen  cysticerci.  After  two  or  three 
months  this  student  began  bringing 
living  ripe  proglottids  of  Taenia  sa - 
yinata  into  my  laboratory  every  few 
days  as  proof  of  his  infection.  He 
kept  careful  records  of  symptoms 
for  about  three  more  months,  find¬ 
ing  the  textbooks  quite  accurate  and 
then  as  per  former  agreement  sub¬ 
mitted  to  treatment  and  parted  com¬ 
pany  with  his  “friend  the  worm.” 
To  perform  such  a  test  requires  cour¬ 
age  certainly  and  1  believe  a  con¬ 
siderable  degree  of  scientific  inquis¬ 
itiveness. 

Ararious  medications  and  anthel¬ 
mintic  drugs  have  been  used  with 
varying  success  in  removing  adult 
tapeworms  from  the  intestine  of 
man.  It  is  necessary  to  procure  the 
scolex  or  head  and  thus  insure  the 
patient  against  further  growth  and 
regeneration  of  another  worm.  A 
number  of  treatments,  asinine  and 
absurd,  have  been  handed  down 
through  the  years  as  efficacious 
measures  in  the  expulsion  of  tape¬ 
worms.  One  of  the  most  ridiculous 
involves  the  employment  of  a  tape¬ 


worm  trap,  invented  and  patented 
by  a  physician  about  the  middle  of 
the  19th  century.  This  trap  consisted 
of  a  cylinder  within  a  cylinder ;  the 
whole  about  the  size  of  the  first  joint 
of  a  man’s  little  finger.  Bach  cylin¬ 
der  was  provided  with  serrated  open¬ 
ings  in  the  sides  and  so  constructed 
that  the  inner  cylinder  would  slide 
a  limited  distance  within  the  outer 
shell.  A  small  pedestal  was  con¬ 
structed  inside  upon  which  a  tiny 
piece  of  cheese  was  fastened  as  bait. 
The  patient  then  swallowed  this  con¬ 
traption  baited  with  proper  lure  and 
secured  to  a  long  string  which  he 
slowly  played  out  allowing  the  trap 
to  sink  into  the  deep  recesses  of  his 
innards.  As  described  in  the  patent 
the  patient  then  waited  patiently  for 
a  nibble.  Then  when  the  tapeworm 
reared  its  ugly  scolex  and  struck,  a 
quick  tug  on  the  string  closed  the 
serrated  edges  upon  the  creature’s 
head  and  the  worm  could  then  be 
drawn  out  per  os. 

In  modern  treatment  for  tape¬ 
worms  atebrin  has  largely  replaced 
aspidium  as  an  efficacious  anthel¬ 
mintic.  Recently  (1953)  German 
workers  have  reported  90%  cures 
using  a  mixture  of  metallic  tin,  tin 
oxide,  and  zinc  chloride,  which  is 
claimed  to  be  relatively  non-toxic. 

Let  us  now  turn  to  a  consideration 
of  the  second  category  of  parasites, 
namely,  parasites  transmitted  to 
man  by  arthropod  vectors  and  cer¬ 
tain  endoparasites  acquired  by  di¬ 
rect  contact  with  persons  harboring 
these  forms.  There  are  many  para¬ 
sitic  disease -producing  organisms 
which  are  carried  from  host  to  host 
by  insect  and  arachnid  vectors.  We 
have  already  mentioned  the  marked 
incapacitation  and  misery  caused  by 
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the  malaria  parasite. 

The  plasmodia  that  cause  malaria 
spend  a  part  of  their  life  cycle  in 
the  female  Anopheles  mosquito  and 
another  part  in  man.  With  a  reser¬ 
voir  of  malaria,  the  mosquito  is  set 
to  carry  on  her  job.  She  ingests  some 
of  the  parasites  along  with  the  blood 
she  likes  so  well,  and  in  her  body 
these  forms  undergo  changes  and 
differentiations  necessary  for  fur¬ 
ther  parasitic  propagation.  In  a  few 
days  these  changes  have  progressed 
to  a  point  where  the  organism,  if  in¬ 
troduced  into  a  new  patient  by 
means  of  the  bite  of  a  mosquito,  will 
give  rise  to  another  case  of  malaria. 
The  tiny  sporozoites  injected  into 
the  blood  stream  of  man  by  the  fe¬ 
male  Anopheles  in  time  penetrate 
the  red  blood  cells  and  therein  un¬ 
dergo  a  series  of  changes  of  a  type 
of  asexual  reproduction.  As  a  result 
of  the  asexual  divisions  of  the  para¬ 
site  manv  more  are  formed,  which 
cause  the  erythrocytes  to  swell  and 
ultimately  burst,  releasing  the  i  n- 
creased  number  of  parasites  into  the 
plasma  of  the  patient  to  attack  other 
red  cells.  It  is  at  this  stage  of  the 
disease  (when  the  parasites  break 
out  of  the  red  blood  corpuscles)  that 
the  patient  experiences  chills  and 
fever. 

A  tremendous  need  was  evidenced 
during  World  War  II  for  quinine, 
the  malaria  specific.  We  could  not 
procure  enough  to  meet  our  needs 
so  our  doctors  turned  to  atebrin,  a 
drug  which  did  not  cure  malaria 
but  held  the  organism  in  abeyance 
until  more  adequate  medication 
could  be  obtained.  Many  a  doctor 
got  the  “shakes”  in  this  war  and 
the  story  of  the  deeds  of  heroes  is 
not  complete  without  mention  of 


these  courageous  men  who  fought 
malaria  with  such  grim  determina¬ 
tion. 

As  a  result  of  the  tremendous 
amount  of  research  on  malaria  dur¬ 
ing  and  following  the  second  world 
conflict  a  number  of  new  less  toxic 
and  more  effective  drugs  are  avail¬ 
able  today  for  both  prevention  and 
treatment  of  malaria.  Chloroquine, 
Paludrine,  Primaquine,  and  especi¬ 
ally  Daraprim  are  highly  efficacious 
in  suppressing  vivax  infections  and 
protecting  against  falciparum  ma¬ 
laria. 

Prevention  and  control  of  malaria 
is  a  job  for  everyone.  Here  are  a  few 
things  everyone  can  practice:  1) 
strive  to  eliminate  all  possible  mos¬ 
quito  breeding  places  by  draining 
swampy  areas,  emptying  containers 
of  stagnant  water  and  covering  pools 
with  a  layer  of  oil  to  prevent  res¬ 
piration  of  larvae  and  pupae  at  the 
surface;  2)  take  adequate  precau¬ 
tions  to  keep  mosquitoes  out  of 
dwelling  places  by  proper  screening ; 
3)  employ  mosquito  repellants  and 
nets  when  it  is  necessary  to  be  out 
in  the  open ;  and,  last  but  certainly 
not  least,  4)  consult  a  physician  im¬ 
mediately  if  there  is  reason  to  be¬ 
lieve  that  malaria  has  been  con¬ 
tracted.  In  naval  aviation  we  used 
to  have  three  do’s  and  three  don  Vs 
— Do’s:  lay  the  spray,  sweat  the  net, 
drain  the  rain;  Don  Vs :  expose  your 
nose,  forget  the  net,  jettison  your 
medicine. 

1  should  like  briefly  to  mention 
two  other  vector-borne  parasitic  dis¬ 
eases  :  1)  spotted  fever  occurring 
more  and  more  frequently  in  this 
country;  and  2)  filariasis.  The  etio¬ 
logical  agent  of  spotted  fever  is  a 
nonfilterable  microorganism  belong- 
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mg  to  the  genus  Rickettsia.  These 
organisms  are  carried  by  and  trans- 
ovarially  transmitted  generation  af¬ 
ter  generation  in  ticks  of  the  family 
Ixodidae.  Two  species,  Dermacentor 
under soni  and  Dermacentor  variabi- 
lis,  are  most  commonly  involved  in 
transmitting  the  disease  to  man. 
Spotted  fever  is  characterized  usu¬ 
ally  by  the  appearance  of  hyper¬ 
pyrexia,  a  severe  rash  particularly 
on  the  face,  hands  and  feet,  head¬ 
ache  and  a  positive  Weil-Felix  re¬ 
action,  i.e.  agglutination  of  certain 
strains  of  Proteus  vulgaris,  a  gram- 
negative,  nonspore-forming,  motile, 
rod  form  of  bacteria.  In  May,  1957, 
two  cases  of  spotted  fever  were  re¬ 
ported  in  Wayne  County,  Illinois. 
During  the  past  10  years  113  cases 
have  been  reported  to  the  Illinois 
State  Department  of  Health.  Pro¬ 
phylaxis  against  spotted  fever,  and 
also  a  form  of  paralysis  resulting 
from  tick  bites,  consists  of  care  in 
walking  through  tick-infested  areas 
and  prompt  removal  of  any  of  these 
tenacious  arachnids  that  have  suc¬ 
ceeded  in  attaching  themselves  to  the 
body.  Treatment  of  spotted  fever 
with  such  antibiotics  as  terramycin 
and  Chloromycetin  is  quite  success¬ 
ful  and  vaccination  with  killed  rick- 
ettsias  grown  in  chick  embryo  yolk 
sacs  confers  a  fairly  high  degree  of 
protection. 

Man  serves  as  a  normal  host  for 
about  half  a  dozen  species  of  filarial 
worms.  The  most  common  one  is  the 
species  Filaria  bancrofti.  F.  bancrofti 
has  a  wide  distribution  throughout 
the  warmer  climates  of  the  earth 
especially  in  moist,  low-lying  areas 
of  seacoasts  and  river  valleys.  The 
disease  filariasis  was  endemic  for  a 
long  time  in  and  around  Charleston, 


South  Carolina,  but  failed  to  gain  a 
foothold  elsewhere.  In  parts  of  Af¬ 
rica,  the  South  Sea  Islands  and  trop¬ 
ical  America  more  than  50%  of  the 
inhabitants  have  the  embryos  of  this 
filaria  swarming  in  their  blood.  The 
adult  form  of  the  worm  lodges  in 
the  lymphatics,  chiefly  the  lymph 
channels,  resulting  in  enlarged 
lymph  glands  and  varicose  lymph 
ducts.  One  of  the  commonest  mani¬ 
festations  of  the  infection  is  ele¬ 
phantiasis,  in  which  various  parts 
of  the  body  swell  to  enormous  pro¬ 
portions  due  to  the  accumulation  of 
lymph.  The  disease  is  transmitted 
from  person  to  person  by  various 
species  of  three  genera  of  mosqui¬ 
toes,  Anopheles,  Culex,  and  Aedes. 
The  microfilaria  are  sucked  in  by 
the  vector  with  the  blood  of  the  pa¬ 
tient  and  undergo  developmental 
changes  in  the  body  of  the  mosquito 
for  a  period  of  from  two  to  five 
weeks.  Upon  the  completion  of  their 
tour  of  duty  in  this  intermediate 
host  the  larvae  are  capable  of  pene¬ 
trating  the  skin  of  another  victim 
through  a  mosquito  bite  or  other 
abrasion. 

Neostibosan,  an  antimony  com¬ 
pound,  an  arsenic  compound,  ar- 
senamide,  and  hetrazan,  a  piper¬ 
azine  derivative,  are  all  effective 
against  filarial  infections.  Con¬ 
trol,  of  course,  consists  in  avoiding 
infected  mosquitoes  and  keeping 
persons  with  filariasis  away  from 
mosquitoes.  The  endemic  center  es¬ 
tablished  in  South  Carolina  was  due 
to  the  chance  location  there  of  a 
colony  of  African  Negroes,  large 
numbers  of  whom  had  microfilaria 
in  their  blood.  This  together  with 
plenty  of  mosquitoes  to  act  as  vec¬ 
tors  promoted  the  infection.  Early 
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recognition  of  these  factors  by 
health  authorities  led  to  isolation  of 
persons  in  whose  blood  microfilaria 
could  be  demonstrated  as  well  as 
those  showing  symptoms  of  lymph 
obstruction.  Today  this  endemic  fo¬ 
cus  appears  to  have  died  out.  Health 
authorities  must  nevertheless  main¬ 
tain  an  alert  lookout  here  as  Avell 
as  in  cases  of  other  vector-borne  par¬ 
asitic  diseases  for  we  do  not  lack 
in  numbers  of  vectors.  All  that  is 
needed  to  establish  new  foci  are  a 
few  people  carrying  the  microfilaria. 

Encloparasites  acquired  by  direct 
contact  with  other  persons  harbor¬ 
ing  such  forms  or  in  some  instances 
acquired  through  common  use  of 
utensils  or  linens  include  Trepone¬ 
ma  pallidum,  the  causative  organism 
of  syphilis,  leish mania,  pinworm, 
and  the  mouth  protozoa,  Entamoe¬ 
ba  gingivalis  and  Trichomonas  ten- 
ax.  Although  efficacious  prevention 
measures  and  successful  treatments 
have  been  discovered  for  use  against 
most  of  these  forms,  many  of  them 
continue  to  abound  in  various  cavi¬ 
ties  and  tissues  of  the  bodies  of 
many  persons  due  to  wanton  or  in¬ 
advertent  disregard  for  or  nescience 
of  the  better  hygienic  and  sanitary 
practices.  In  a  study  presently  di¬ 
rected  by  the  speaker  and  supported 
bv  the  National  Institute  for  Den- 
tal  Research,  U.  S.  Public  Health 
Service  Grant  No.  D-357,  examina¬ 
tion  of  wet  smears  and  cultures  of 
samples  taken  from  the  mouths  of 
200  dental  patients  have  revealed 
46%  of  these  persons  harboring  En¬ 
tamoeba  gingivalis,  26%  Trichomo¬ 
nas  tenax,  and  16%  carrying  both 
organisms.  While  there  is  still  some 
question  with  reference  to  the  rela¬ 
tionship  of  these  two  protozoa  to 


oral  disease,  evidence  to  date  indi¬ 
cates  that  both  E.  gingivalis  and 
T.  tenax  ingest  red  blood  cells  and 
nuclear  fragments  of  white  blood 
cells  and  cause  cytolysis  of  soft  tis¬ 
sues.  Both  of  these  protozoa  are 
found  frequently  in  mouths  showing 
early  signs  of  periodontal  disease 
and  are  almost  always  present  in 
cases  of  advanced  pyorrhea.  While 
ulceration  in  periodontal  disease 
may  be  initiated  by  other  factors 
than,  or  in  addition  to,  the  presence 
of  these  mouth  protozoa  providing 
for  the  latter  an  optimal  field  for 
activity,  a  great  deal  of  leniency 
would  have  to  be  shown  to  exoner¬ 
ate  them  completely.  Both  of  these 
mouth  protozoa,  due  to  definite  ad¬ 
hesive  qualities,  commonly  transport- 
large  numbers  of  bacteria,  an  activ¬ 
ity  which  might  lead  to  more  exten¬ 
sive  periodontoclasia.  In  this  same 
study  leptomonad  forms  of  a  leisli- 
mania  were  observed  in  a  sample 
taken  from  the  mouth  of  a  woman 
48  years  of  age  who  gave  a  history 
of  recent  travel  in  Mexico  and  the 
Panama  area.  Cultures  in  NNN  me¬ 
dia  yielded  various  phases  of  longi¬ 
tudinal  division  of  these  flagellates 
and  varying  shapes  with  typical  lep- 
tomonads  most  numerous.  On  the 
basis  of  the  history  of  travel  given 
by  the  patient  and  the  accepted  view 
that  species  of  Leishmania  cannot 
be  differentiated  morphologically  the 
form  of  leptomonad  observed  in  this 
case  was  diagnosed  as  a  stage  of 
Leishmania  b rasiliense . 

One  of  the  most  probable  means 
of  transferring  mouth  protozoa, 
namely  the  habit  or  practice  of  kiss¬ 
ing,  makes  it  extremely  difficult, 
even  if  desirable,  to  institute  effec¬ 
tive  prophylactic  measures  against 
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these  organisms.  A  regulation  pro¬ 
hibiting  such  a  method  of  salutation 
would  be  hard  indeed  to  enforce  even 
though  there  was  general  cognizance 
that  the  kiss  might  be  a  parasitolog¬ 
ical  one.  Moreover,  resistance  to  a 
protozoological  examination  prior  to 
a  kiss  would  most  certainly  be  forth¬ 
coming  on  the  grounds  that  it  was 
too  time  consuming  and  distracting. 
It  seems,  therefore,  that  we  are  des¬ 
tined  to  be  associated  with  such  wee 
beasties  in  greater  or  lesser  degree 
for  some  time  to  come. 

The  last  category  of  animal  para¬ 
sitic  diseases  to  be  considered  in  this 
presentation  is  that  group  of  dis¬ 
orders  which  in  certain  instances 
might  more  properly  be  designated 
as  infestations,  rather  than  infec¬ 
tions,  and  described  as  external  dis¬ 
comfiture  rather  than  internal  wast¬ 
ing,  and  resulting  in  tickling  and 
itching  rather  than  pressure  and 
pain.  The  parasites  involved  here 
are  usually  termed  ectoparasites,  be¬ 
cause  of  periodic  visits  to  the  sur¬ 
faces  of  their  hosts.  While  some  of 
these  forms  do  make  their  way  into 
the  deeper  parts  and  inner  recesses 
of  the  body  and  many  of  them  act 
as  vectors  in  the  transmission  of 
disease,  we  shall  mention  a  few  of 
them  with  special  reference  to  their 
ectoparasitic  habits. 

It  is  not  at  all  difficult  to  procure 
representative  forms  of  these  ecto¬ 
parasites  for  study.  They  are  found 
quite  universally.  Not  infrequently 
one  may  find  certain  rather  loath¬ 
some  creatures  without  leaving  his 
home.  I  remember  well  the  laclv  who 
once  sent  a  certain  specimen  to  my 
laboratory  for  identification.  She 
was,  of  course,  interrogated  with 
reference  to  some  details,  e.g.,  did 


she  find  it  in  her  home?  where? 
when?  et  cetera.  She  stated  that  she 
had  found  it  in  one  of  the  bedrooms 
of  her  home  and  was  terribly  em¬ 
barrassed  and  upset  when  she  re¬ 
ceived  the  diagnostic  statement  that 
the  intruder  was  a  female  Cimex 
lectularius  (common  bedbug).  Her 
general  attitude  was  conveyed  by 
the  expression  “Bedbugs  in  my 
house!!!”  “Impossible!”  Now  I 
suppose  most  people  do  not  want 
bedbugs,  cockroaches,  lice  or  fleas  in 
their  houses,  yet  the  fact  remains 
that  all  of  us  are  surrounded  with 
ectoparasitic  pests  of  one  kind  or 
another  much  of  the  time  and  do  not 
put  forth  as  much  effort  as  we  might 
toward  their  eradication.  Curiously, 
there  are  still  people  in  civilized 
countries  who  believe  that  some  in¬ 
sects  have  medicinal  value.  The  dis¬ 
tinct  and  characteristic  odor  of  some, 
such  as  the  bedbug,  may  have  in¬ 
spired  such  a  faith.  In  ancient  times, 
it  was  claimed  that  seven  bedbugs 
ground  up  in  water  would  arouse 
one  from  a  fainting  spell  and  one  a 
dav  would  result  in  immunity  to 
snake  bites.  Modern  medicine  has 
fortunately  discarded  such  treat- 
ment. 

Ectoparasites  show  no  deferential 
regard  for  persons.  They  will  attack 
the  rich  as  well  as  the  poor,  and 
though  certain  ones,  such  as  lice,  are 
found  in  greatest  numbers  where  as¬ 
sociation  with  careless  people  cannot 
be  avoided  and  facilities  for  clean¬ 
liness  are  not  all  that  could  be  de¬ 
sired,  they  all  seem  to  enjoy  tickling 
and  feeding  upon  any  human  host 
that  comes  along.  Lice  act  as  vec¬ 
tors  for  several  diseases  —  notably 

«/ 

typhus  fever,  trench  fever,  and  bu¬ 
bonic  plague.  Lice  do  not  transmit 
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plague  by  their  bites,  but  may  do 
so  when  crushed  near  an  abrasion  in 
the  skin.  When  nations  are  at  war, 
lice  enlarge  their  acquaintanceship 
extensively.  During  World  War  I, 
head  and  body  lice  were  present,  it 
seemed,  everywhere  and  the  soldiers 
referred  to  them  as  “cooties.” 
(Some  may  recall  the  parody  during 
World  War  I  on  the  popular  song, 
“  K  -  K  -  K  -  Katy,-  you  ’re  the  only 
g-g-g-girl  that  I  adore  ;  ’  ’  the  soldiers 
sang  it  “ C-C-C-Cootie,  you’re  the 
only  b-b-b-bug  that  I  abhore.”) 

I  started  my  own  collection  of 
graybacks  fairly  early  in  life,  six 
years  of  age  to  be  exact,  from  a  good 
friend — a  wayfarer — a  knight  of  the 
road  —  known  to  me  only  as  the 
‘  ‘  Keeper  of  the  Bees.  ’  ’  I  know  he  was 
the  Keeper  of  the  Bees  for  he  had 
told  me  so  when  seated  on  his  knee 
in  the  village  park  and  listening  to 
some  very  interesting  tales,  I  had 
seen  and  warned  him  against  the 
“bees”  crawling  on  his  chest  and 
in  his  beard.  He  had  said,  “Don’t 
worry,  sonny,  I  am  the  Keeper  of 
the  Bees.”  I  have  often  wondered 
whatever  became  of  the  Keeper  of 
the  Bees.  I  never  got  to  talk  to  him 
but  once.  My  mother  saw  to  that. 

Another  ectoparasitic  insect  which 
can  be  a  very  annoying  pest  and 
not  infrequently  interferes  with  the 
sleep  of  man  is  the  flea.  David  Har- 
uni  states,  “A  reasonable  amount  of 
fleas  is  good  for  a  dog.  They  keep 
him  from  broodin’  on  bein’  a  dog.’ 
Anyone  who  has  had  his  home  in¬ 
fested  with  fleas  will  testify,  I  feel 
sure,  that  even  a  few  fleas  feasting 
on  one’s  ankles  and  ribs,  is  of  itself 
sufficient  cause  for  brooding.  As  a 
vector  the  flea  is  connected  with  the 
transmission  and  spread  of  such  dis¬ 
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eases  as  bubonic  plague,  endemic  ty¬ 
phus,  tularemia  and  tapeworm  dis¬ 
ease. 

The  ticks  and  the  mites  in  their 
ectoparasitic  habits  can  cause  man 
much  misery.  Tick  bites  are  quite 
painful  and  can  be  very  serious,  even 
leading  to  a  condition  known  as  tick 
paralysis  in  cases  where  the  bite  is 
near  the  central  nervous  system. 
Ticks,  of  course,  are  instrumental  in 
the  spread  of  such  diseases  as  Rocky 
Mountain  spotted  fever,  Texas  fever, 
and  tularemia.  Of  the  mites,  perhaps 
the  greatest,  tormentor  is  Sar copies 
scabiei,  the  itch  mite.  The  female  of 
this  species  burrows  into  the  skin 
and  excavates  thin,  tortuous  tunnels. 
She  lays  her  eggs  which  in  a  rela¬ 
tively  short  time  hatch  into  young 
larval  mites.  As  the  young  develop 
they  are  quite  active  and  build  bur¬ 
rows  for  themselves.  The  itching  is 
intense  and  may  be  continuous  and 
almost  unbearable.  Because  of  the 
intracutaneous  burrows,  elimination 
of  these  tiny  ectoparasites  is  not 
easy. 

Important  as  arthropods  are  as 
ectoparasites  or  bloodsuckers,  it  is  in 
their  capacity  as  carriers  of  etio¬ 
logical  agents  of  disease,  or  as  inter¬ 
mediate  hosts  of  other  parasites,  that 
they  should  be  reckoned  with  as 
among  the  foremost  of  human  foes. 
One  needs  certainly  to  exercise  vig¬ 
ilance  against  these  pests  and  car¬ 
riers  of  tiny,  murderous  organisms. 
It  is  not  enough  to  swat  the  fly  and 
mosquito,  screen  our  places  of  busi¬ 
ness  and  residence,  spread  insecti¬ 
cides  in  the  cracks  and  crevices  of 
our  abodes.  These  and  other  imme¬ 
diate  prophylactic  measures  are 
known  to  most  of  us.  There  must 
be,  if  we  are  to  realize  gain  over 
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the  world  of  parasites,  cooperative 
measures  established  to  attack  these 
forms  in  various  stages  of  their  life 
cycles  and  a  widespread  exposure 
to  knowledge  concerning  parasites 
and  factors  concerned  in  their  trans¬ 
mission.  Sometimes  we  may  feel 
that  we  can  see  the  beginning  of 
the  end  of  hostilities  among  races 
of  man.  This  would  be  a  great 


achievement.  Achieving  supremacy 
over  the  seemingly  endless  hordes  of 
wee  beasties  presents  us  with  an¬ 
other  great,  challenge  demanding 
the  best  in  knowledge  and  skill  to 
bring  about  further  amelioration  of 
pain  and  suffering,  better  general 
health,  and  greater  happiness  for 
mankind. 


Parasitological  Prophylaxes 

or 

Advice  to  Those  Who  Would  be  Somebody  and  Have  Some  Body 

Beware  of  amoebas  in  kisses 
And  flagellates  hiding  on  lips 
Your  innards  may  house  many  beasties 
Trichina,  Plasmodium  and  Tryp’s. 

Daily  baths,  which  have  slowly  supplanted 
Accidental  immersion  in  creeks, 

Are  a  sound  prophylactic  measure 
For  more  of  the  body  than  cheeks. 

In  the  eternal  strife  for  survival 
The  beasties  make  war  to  no  end 
Infestation  of  forested  regions 
Is  P.  pubis’  great  dividend. 

Ecto  —  Endo,  whatever  the  nature, 

On  and  on  the  relationship  goes, 

Twixt  the  tiny  intransigent  beastie, 

And  man,  from  his  head  to  his  toes. 

Ostentatious,  supercilious  vector, 

A  very  great  being  thinks  she, 

Beware  of  her  beautiful  structure 
And  assiduous  tenacity. 

Anopheles,  Pulex,  and  tsetse 
Pediculus,  the  tick  and  the  mite, 

Always  seeking  free  board— transportation 
In  their  vicious,  sanguinolent  fight. 

Sanitation — precaution  are  symbols 
Denoting  defense  of  our  clan, 

Lest  we  give  up  the  field  to  the  beasties 
Let’s  remember  to  do  what  we  can. 

Wash  your  hands,  cook  your  food  before  eating, 

Keep  your  premises  clean  if  you  please, 

When  in  public  beware  of  the  coughing 
And  the  showering  effect  of  the  sneeze. 

If  a  symptom  appears,  see  a  Doctor 
Not  the  fraudulent  quack  charlatan 
But  an  honest  to  goodness  physician 
Who’ll  proceed  to  see  justice  is  done. 

Then  if  flagellate,  ciliate,  spirillum 
Amoeba,  flea,  flatworm  or  fly 
Gains  a  bridgehead  toward  inland  invasion 
You’ll  find  it  less  easy  to  die. 

W.  W.  Wantland 


USEFULNESS  OF  SUPPLEMENTAL  FIELD  DATA 
IN  MAPPING  SEVERE  RAINSTORMS  OF 
SHORT  DURATION 

STANLEY  A.  CHANGNON,  JR. 

Illinois  State  Water  Survey,  TJrbana 


Introduction 

Severe  rainstorms  of  short  dura¬ 
tion,  defined  as  those  lasting*  48 
hours  or  less  and  producing  rainfall 
of  6  inches  or  more,  are  usually  char¬ 
acterized  by  irregular  rainfall  pat¬ 
terns,  steep  rainfall  gradients,  and 
small  core  areas  of  very  high  rain¬ 
fall.  Information  concerning  such 
storms  is  desired  by  many  scientists 
and  engineers  for  application  in  var¬ 
ious  fields.  The  present  U.  S.  Weath¬ 
er  Bureau  climatological  raingage 
network  in  Illinois  does  not  and  can¬ 
not  be  expected  to  describe  ade¬ 
quately  the  characteristics  of  indi¬ 
vidual  storms.  The  spacing  of  official 
network  gages  is  too  sparse  to  secure 
sufficient  detailed  data. 

Since  1947,  whenever  possible,  the 
Illinois  State  Water  Survey  has  at¬ 
tempted  to  obtain  supplemental  data 
on  rainfall,  mainly  by  field  searches 
immediately  following  heavy  rain¬ 
fall.  Field  measurements  are  col¬ 
lected  by  canvassing  the  storm  areas 
to  find  persons  having  raingages  or 
well-exposed  vessels  of  any  type, 
such  as  buckets,  jars,  or  cans,  which 
would  furnish  measurements  of  the 
storm  rainfall.  These  supplemental 
field  surveys  over  the  past  ten  years 
have  provided  a  considerable  amount 
of  interesting  and  valuable  informa¬ 
tion  on  severe  rain  rainstorms.  More¬ 
over,  the  accumulated  field  data  are 
now  of  sufficient  quantity  to  permit 
evaluation  of  their  usefulness. 


Obtaining  detailed  information  on 
severe  rainstorms  is  necessarv  for 
the  purpose  of  determining  the  phys¬ 
ical  characteristics  of  storms  so  that 
the  time  and  space  distribution  of 
the  storm  rainfall  mav  be  better  de- 

t/ 

fined.  Specific  factors  of  interest  in¬ 
clude  maximum  rainfall  values, 
mean  rainfall  values,  areal  dimen¬ 
sions,  pattern  characteristics,  dura¬ 
tion,  and  intensity.  This  information 
is  desired  principally  by  hydrolo¬ 
gists  and  meteorologists  for  applica¬ 
tion  in  the  design  of  hydraulic  struc- 
tures  for  small  drainage  areas  and 
in  the  study  of  rainfall  physics,  re¬ 
spectively. 

Methodology  of  Evaluating 
Usefulness  of  Field  Data 

The  usefulness  of  the  field  data 
collected  on  rainfall  is  evaluated 
mainly  by  comparing  them  with 
published  Weather  Bureau  data. 
Obviously,  the  field  data  plus  the 
Weather  Bureau  data  should  more 
accurately  describe  rainstorms  than 
the  Weather  Bureau  data  alone,  but 
the  magnitude  and  significance  of  the 
differences  between  the  two  must  be 
ascertained  before  any  evaluation 
can  be  made. 

During  1957  four  extremely  se¬ 
vere  rainstorms  occurred  in  Illinois 
and  surrounding  states.  Information 
and  maps  of  these  four  storms,  an 
unusual  number  for  one  year,  are 
presented  herein  to  illustrate  the  de- 
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tail  obtained  from  field  survey  data. 
The  four  storms  in  1957  are  among 
tlie  heaviest  on  record  in  Illinois. 
Extensive  field  surveys  to  obtain 
rainfall  data  for  detailed  analysis 
were  conducted  by  the  State  Water 
Survey  on  three  of  the  four  storms. 
For  the  one  storm  not  surveyed  de¬ 
tailed  data  in  the  region  of  heavy 
rainfall  were  obtained  because  at 
that  time  the  State  Water  Survey 
in  cooperation  with  Southern  Illinois 
University  maintained  a  dense  net- 
work  of  raingages  in  the  storm  area. 

In  addition  to  the  indication  of 
usefulness  as  shown  by  rainfall 
maps,  the  results  of  all  field  data, 
collected  on  severe  rainstorms  occur¬ 
ring  in  Illinois  during  the  1948-57 
period,  have  been  summarized  and 
statistically  compared  with  Corps  of 
Engineer  data  and  Weather  Bureau 
data  through  use  of  area-depth  re¬ 
lationships. 

Severe  Rainstorms  During  1957 

The  first  of  the  four  severe  rain¬ 
storms  in  Illinois  during  1957  lay 
in  an  east-west  belt  across  Illinois 
along  the  northern  edge  of  the  Shaw¬ 
nee  Hill  region  on  May  21-23  (Fig. 
1).  The  storm  began  on  the  after¬ 
noon  of  May  21,  ended  39  hours  later 
during  the  forenoon  of  May  23,  and 
consisted  of  three  separate  rain  pe¬ 
riods.  The  first  and  most  severe  pe¬ 
riod  began  at  4:00  p.m.  on  May  21 
and  ended  in  the  morning  of  May 
22;  the  second  occurred  during  the 
afternoon  of  May  22,  while  the  third 
and  final  phase  of  the  storm  oc¬ 
curred  the  night  of  May  22-23.  Al¬ 
lhough  no  field  survey  was  ac¬ 
complished,  60  raingages  in  a  400- 
square-mile  network  located  near  the 


core  of  the  storm  furnished  consid¬ 
erable  detail  on  the  rainfall  pattern. 
Data  from  these  gages  and  from  68 
Weather  Bureau  gages  in  southern 
Illinois  provided  128  rainfall  meas¬ 
urements  of  this  storm  in  Illinois. 

Rainfall  exceeding  6  inches  cov¬ 
ered  an  area  of  2576  square  miles 
in  Illinois,  Indiana,  and  Missouri. 
The  maximum  amount  recorded  in 
this  storm  was  9.60  inches  at  the 
Weather  Bureau  station  in  Harris¬ 
burg,  Illinois,  whereas  the  peak 
amount  from  the  network  of  rain¬ 
gages  was  8.01  inches  at  a  gage  6 
miles  east  of  Marion,  Illinois.  Al¬ 
though  the  raingage  network  did  not 
furnish  the  highest  rainfall  value 
for  this  storm,  it  did  influence  the 
isolivetal  pattern  in  the  core  of  the 
storm. 

On  June  14-15  one  of  the  more  se¬ 
vere  rainstorms  of  any  duration  to 
be  recorded  in  the  Middle  West  oc¬ 
curred  in  southwestern  Illinois  and 
eastern  Missouri  (Fig.  2).  All  of  the 
rainfall  in  the  core  of  the  storm  near 
Belleville  fell  within  a  15-hour  pe¬ 
riod  beginning  at  5  :00  p.m.  on  June 
14.  A  total  of  302  rainfall  observa¬ 
tions  were  obtained  for  ascertaining 
the  isohyetal  pattern  and  205  of 

these  were  collected  bv  the  field  sur- 

«/ 

vev.  Rainfall  amounts  exceeding  16 
inches  occurred  in  the  center  of  the 
storm  and  rainfall  in  excess  of  6 
inches  fell  on  more  than  2000  square 
miles.  The  highest  rainfall  recorded 
for  the  storm  by  a  Weather  Bureau 
gage  was  12.01  inches  11  miles  north¬ 
west  of  Belleville.  However,  the  max¬ 
imum  value  discovered  bv  the  field 

«/ 

survey  was  16.54  inches,  6  miles 
west  of  Belleville,  which  exceeded 
the  24-hour  maximum  rainfall  rec¬ 
ord  for  Illinois.  Examination  of  the 


Use  of  Field  Data  in  Mapping  Rainstorms 


19 


a.  Weather  Bureau  Data  b.  Field  Data  Plus  Weather  Bureau  Data 

Fig.  1. — Isohyetal  patterns  for  May  21-23,  1957. 


storm  rainfall  maps  (Figs.  2a,  b) 
reveals  that  the  Weather  Bureau 
data  (Fig.  2a)  failed  to  describe 
adequately  the  core  of  the  storm, 
although  the  overall  patterns  on  both 
maps  are  quite  similar. 

On  June  27-28  the  third  major 
rainstorm  in  Illinois  of  1957  oc¬ 
curred  (Fig.  3)  ;  it  also  had  an  east- 
west  orientation  similar  to  those  of 
the  two  previous  storms.  All  of  the 
rain  in  this  storm  occurred  in  less 
than  24  hours,  while  the  major  por¬ 
tion  occurred  within  a  12-hour  peri¬ 
od  beginning  at  10  :30  p.m.  on  June 
27.  More  than  400  observations  of 
rainfall  were  obtained  in  Illinois 
with  255  of  these  being  collected  by 
the  field  survey.  The  highest  amount 
recorded  by  a  Weather  Bureau  sta¬ 
tion  was  10.82  inches  at  Paris.  How¬ 
ever,  the  highest  value  obtained  by 
the  field  survey  was  13.10  inches  7 
miles  west  of  Paris.  Rainfall  in  ex¬ 
cess  of  6  inches  fell  over  3343  square 
miles  in  Illinois  and  Indiana.  As 
shown  in.  Figure  3,  the  field  data 


plus  Weather  Bureau  data  (Fig.  3b) 
supplied  considerably  more  detail  of 
the  rainfall  pattern,  which  was  quite 
irregular  along  the  axis  of  the  storm, 
than  did  the  Weather  Bureau  data 
alone  (Fig.  3a).  In  addition,  the 
field  data  revealed  a  second  core  of 
more  than  12  inches  northwest  of 
Effingham,  which  was  not  apparent 
from  the  Weather  Bureau  data. 

On  July  12-13  the  final  severe 
rainstorm  during  1957  occurred  in 
northeastern  Illinois  (Fig.  4),  and 
was  the  third  storm  of  the  year  to 
have  rainfall  in  excess  of  10  inches. 
This  was  the  only  storm  of  1957  that 
did  not  have  an  east-west  major  axis. 
The  north-south  orientation  exhib¬ 
ited  by  this  storm  is  very  unusual 
•/  •/ 

for  these  short-duration  storms.  An 
analysis  of  59  severe  short-duration 
storms  wh i ch  occu rred  in  Illinois 
from  1915  to  1957  reveals  that  84% 
had  approximately  east-west  orien¬ 
tations  while  only  7%  had  approxi¬ 
mately  north-south  orientations. 

The  field  survey  collected  211  oh- 
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b  Field  Data  Plus  Weather  Bureau  Data 


Fig.  2. — Isoliyetal  patterns  for  June  14- 
15,  1957. 


Area-Depth  Relationships  for 
1948-1957  Severe  Storms 

The  Illinois  State  Water  Survey 

conducted  field  survevs  of  four  se- 

*/ 

vere  rainstorms  occurring  in  the 
nine  years  prior  to  1957.  Data  from 
these  storms  and  the  four  1957 
storms  have  been  combined  to  pro¬ 
vide  more  extensive  data  for  statis¬ 
tical  evaluation  of  the  usefulness  of 
field  data  on  severe  rainstorms. 
Since  the  physical  characteristics  of 
these  storms,  or  similar  future 
storms,  materially  affect  the  magni¬ 
tude  and  characteristics  of  stream 
runoff  in  watersheds  over  which  they 
may  occur,  hydrologists  have  de¬ 
vised  a  method  for  numerically  de¬ 
scribing  rainstorms.  This  method  is 
the  area-depth  relationship  and  can 
be  expressed  graphically  as  the  num¬ 
ber  of  square  miles  covered  by  vari- 


servations  and,  combined  with  those 
furnished  by  other  organizations, 
provided  a  total  of  454  measure¬ 
ments  of  rainfall  from  the  storm. 
The  Chicago  office  of  the  Weather 
Bureau  also  collected  75  measure¬ 
ments  from  volunteer  observers  in 
Cook  County.  In  this  storm,  rainfall 
exceeding  6  inches  covered  an  area 
of  1965  square  miles  in  Illinois  and 
Indiana.  All  the  rainfall  occurred 
during  a  21-hour  period  beginning 
at  noon  on  July  12.  The  maximum 
observed  in  this  storm,  11.10  inches 
in  Kankakee  and  near  St.  Anne,  was 
noted  by  the  field  survey.  The  maxi¬ 
mum  recorded  by  a  Weather  Bureau 
station  was  9.56  inches  at  Peotone. 
Comparison  of  maps  (Fig.  4a  and 
4b)  reveals  that,  as  with  other  1957 
storms,  considerable  detail  is  added 
by  the  field  survey  data. 


a.  Weather  Bureau  Data 


Fig.  3. — Isoliyetal  patterns  for  June  27- 
28,  1957. 
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ous  average  amounts  of  rainfall  in 
a  storm  of  a  given  duration. 

Figure  5  shows  2 4 -hour,  area- 
depth  envelope  values,  or  a  combina¬ 
tion  of  the  maximum  observed  area- 
depth  values,  obtained  from  the  eight 
storms  field-surveyed  by  the  Illinois 
State  Water  Survey  since  1947.  An 
area-depth  envelope  curve  for  24- 
hour  storm  duration  which  was  de¬ 
veloped  from  published  data  of  the 
Corps  of  Engineers  is  also  shown  in 
Figure  5.  These  envelope  values  are 
based  upon  Corps  of  Engineers’ 
studies  of  storms  centered  in  Illinois 
during  the  1910-46  period;  their 
rainfall  data  were  largely  obtained 
from  the  Weather  Bureau  climato¬ 
logical  network.  The  curve  in  Figure 
5  based  upon  Corps  of  Engineers’ 
data  considerably  underestimates  the 
maximum  area-depth  values  that  are 
shown  to  be  possible  by  the  State 
Water  Survey  curve  for  areas  of  100 
to  7000  square  miles. 

A  further  illustration  of  the  sig¬ 
nificant  differences  between  the  field 
data  and  the  Weather  Bureau  data 
in  the  quantitative  description  of 
severe  rainstorms  is  shown  in  Table 


a.  Weather  Bureau  Data  b  Field  Data  Plus  Weather  Bureau  Data 


Fig.  4. — Isohyetal  patterns  for  July  12- 
13,  1957. 
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Fig.  5. — Area-depth  envelope  curves  of 
24-liour  storms. 


1 .  This  table  reveals  the  ratio  of 
the  area-depth  values  from  the  field 
survey  to  those  derived  from  the  cli¬ 
matological  network  data  for  the 
same  eight  storms  during  the  1948- 
57  period ;  in  every  instance  the  field 
survey  values  are  larger.  For  in¬ 
stance,  on  the  average  for  a  10- 
square-mile  area,  the  area-depth  val¬ 
ue,  as  determined  from  the  field  sur¬ 
vey  rainfall  map,  is  1.2  times  the 
value  obtained  from  the  Weather 
Bureau  rainfall  map,  and  the  maxi¬ 
mum  ratio  found  in  a  single  storm 
for  ten  square  miles  was  1.36.  Fig¬ 
ure  5  and  Table  1  emphasize  the  in¬ 
ability  of  existing  climatological 
raingage  networks  to  define  ade¬ 
quately  the  maximum  area-depth  re¬ 
lationships  which  occur  in  severe 
s ho rt -dura t ion  rainstorms . 

The  inadequacy  of  the  climatolog¬ 
ical  raingage  network  to  describe 
these  storms  is  a  problem  of  gage 
density.  The  effect  of  raingage  dens¬ 
ity  on  storm  reports  can  be  ascer¬ 
tained  by  comparing,  for  each  dec¬ 
ade  during  the  past  40  years,  the 
number  of  severe  storms  as  deter¬ 
mined  by  the  number  of  Weather 
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Table  1. — Ratio  of  Area-Depth  Values 
from  Field  Survey  to  Climatological  Net¬ 
work. 


Area,  Ratio, 

sq.  miles  av.  max. 


point 

1.28 

1.62 

10 

1.20 

1.36 

50 

1.17 

1.26 

100 

1.16 

1.24 

200 

1.13 

1.19 

500 

1.10 

1.14 

1000 

1.08 

1.13 

2000 

1.05 

1.12 

Fig.  1. — Isohyetal  patterns  for  May  21- 
23,  1957. 

Bureau  raingages.  During  1918-27 
flier e  were  10  severe  storms  as  de¬ 
tected  by  approximately  90  gages, 
and  in  the  following  decade,  1928-37, 
8  storms  were  discovered  with 
roughly  100  gages  in  operation.  The 
gage  density  in  Illinois  increased 
from  120  in  1938  to  161  in  1942, 
and  to  240  gages  by  1947  ;  12  storms 
were  detected  in  the  1938-47  decade. 
The  increase  in  storms  with  a  rain¬ 
fall  of  more  than  6  inches  prevailed 
during  the  1948-57  decade  with  a 
total  of  19,  as  reported  by  ap¬ 
proximately  260  gages  in  operation. 
There  is  no  method  of  directly  prov¬ 
ing  that,  the  100%  increase  in  the 
number  of  storms  detected  during 
the  past  40  years  can  be  attributed 
to  the  increase  in  gage  density,  but 
the  increasing  density  is  undoubt¬ 
edly  the  principal  cause.  Data  col¬ 
lected  on  the  average  physical  dimen¬ 
sions  of  these  storms  indicate  that 
it  is  quite  possible  that  the  90  to 
100  gages  located  in  Illinois  from 
1918  to  1937  might  not  have  de¬ 
tected  the  areas  of  6  inches  or  more 


rainfall  associated  with  many 
storms. 

Summary 

For  every  severe  rainstorm  during 
the  past  10  years,  which  was  field 
surveyed,  the  maximum  rainfall  in 
the  storm  has  been  discovered  by 
the  field  survey,  and  these  values 
have  averaged  28%  higher  than  the 
maximum  rainfall  obtained  at  anv 
Weather  Bureau  raingage  in  the 
storm  area.  Rainfall  maps  plotted 
from  the  field  data  plus  the  pub¬ 
lished  climatological  data  have  been 
found  to  furnish  considerably  more 
information  on  the  storm  pattern 
and  rainfall  gradients  than  the  net¬ 
work  data  alone.  The  added  map  de¬ 
tail  and  information  have  provided 
average  area-depth  values  ranging 
from  5%  higher  for  2000 -square  - 
mile  areas  to  20%  higher  for  10- 
square  mile  areas.  Research  on 
storms  occurring  prior  to  1948  has 
substantiated  findings  of  the  past  10 
years  concerning  the  orientation  of 
the  severe  rainstorms.  More  than 
80%  of  the  storms  tend  to  orient 
their  major  axes  in  an  approximate 
east-west  position. 

This  evaluation  of  supplemental 
field  data  by  comparison  with 
Weather  Bureau  climatological  data 
is  not  intended  in  any  way  as  a  criti¬ 
cism  of  that  network  which  is  effec¬ 
tive  for  large-area  storms,  as  well  as 
being  the  bench  marks  against  which 
supplemental  data  are  evaluated. 
The  differences  have  been  shown 
only  to  reveal  the  usefulness  of  and 
the  necessity  for  collecting  addition¬ 
al  rainfall  data  to  describe  severe 
short  -  duration  rainstorms  ade¬ 
quately. 


Use  of  Field  Data  in  Mapping  Rainstorms 
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The  genera  Gaultheria,  Pernettya, 
Chiogenes ,  Wittsteinia  and  Diply- 
cosia  are  frequently  placed  together 
as  the  tribe  Ganltherieae,  subfamily 
Arbutoideae,  family  Ericaceae.  Oc¬ 
casionally  they  are  included  in  the 
tribe  Andromedeae  of  the  same  sub¬ 
family.  Gaultheria  contains  approx¬ 
imately  100  species  found  primarily 
in  eastern  Asia  and  Central  and 
South  America;  Pernettya,  with  26 
species,  is  found  in  the  mountains 
from  Mexico  southwards  (except  for 
one  species)  ;  Chiogenes  (sometimes 
included  in  Gaultheria)  lias  two  spe¬ 
cies,  one  in  northeastern  North 
America,  the  other  in  Japan;  Witt¬ 
steinia,  with  one  species,  and  Diply- 
cosia,  with  six,  are  found  in  the  Ma¬ 
laya-East  Indies  region. 

Chon  (1952),  in  a  paper  dealing 
with  various  aspects  of  the  floral 
morphology  of  three  of  the  four 
species  of  Gaultheria  found  in  the 
United  States  and  Canada,  reviewed 
the  literature  dealing  with  that  gen¬ 
us,  which  thus  need  not  be  repeated 
here.  The  first  paper  of  the  present 
series  (Palser,  1951)  reviewed  the 
literature  on  all  the  Ericales  which 
had  been  published  up  to  that  time. 
Since  then  a  few  additional  papers 
have  appeared  (Copeland,  1954; 
Creech,  1955;  Palser,  1954).  The 
present  study  deals  with  some  as¬ 
pects,  particularly  organography 
and  vascular  anatomy,  of  the  flower 
of  three  additional  species  of  the 
Ganltherieae :  Gaultheria  hartwegi- 


ana  Klotzsch,  Pernettya  mucronata 
Gaud,  and  Chiogenes  hispidula  (L.) 
Torr.  &  Gray  (the  creeping  snow- 
berry  of  northeastern  North  Amer¬ 
ica).  The  choice  of  these  three  spe¬ 
cies  depended  on  availability  at  the 
time  the  work  was  started,  not  on 
any  outstanding  desirability  of  the 
particular  species,  except  in  the  case 
of  Chiogenes.  As  the  eventual  aim 
is  familiarity  with  a  large  number 
of  species  for  comparative  purposes, 
each  additional  species  studied  be¬ 
comes  of  interest  in  the  total  picture. 

Materials  and  Methods 
The  buds  and  flowers  of  Gaulthe¬ 
ria  hartwegiana  were  collected  by 
Margery  C.  Carlson  in  Chiapas, 
Mexico.  Pernettya  mucronata,  a  na¬ 
tive  of  Chile,  was  collected  from 
cultivated  plants  in  Corvallis,  Ore¬ 
gon,  at  two  different  times  by  E.  J. 
Kraus,  and  from  cultivated  plants 
in  the  Strybing  Arboretum  in  San 
Francisco,  California  (with  the  per¬ 
mission  of  the  superintendent,  Mr. 
Eric  Walt  her)  on  four  different  oc¬ 
casions  by  L.  G.  Kavaljian  and  by 
the  author.  Chiogenes  hispidula  was 
collected  twice  in  northern  Michigan 
bogs  by  the  author  and  H.  J.  F. 
Gall,  twice  on  Mt.  Washington,  New 
Hampshire  (once  by  the  author,  and 
on  a  different  occasion  and  in  a  dif¬ 
ferent  locality  by  S.  K.  Harris  and 
the  author),  and  in  Harvard  Forest, 
Petersham,  Massachusetts,  by  W.  H. 
Ilatheway. 
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All  specimens,  except  those  in  two 
collections  of  Pernettya,  were  killed 
and  fixed  in  Navashin’s  solution, 
the  two  Pernettya  in  formalin-  al¬ 
cohol.  All  materials  were  infiltrated 
through  an  ethyl  alcohol-tertiary  bu¬ 
tyl  alcohol  series  and  embedded  in 
paraffin.  Serial  cross  and  longitud¬ 
inal  sections  were  cut  at  10  y  and 
the  majority  stained  with  tannic 
acid-ferric  chloride  and  safranin.  A 
considerable  number  of  buds,  flow¬ 
ers  and/or  fruits  of  each  species 
was  sectioned :  29  of  Chiogenes,  40  of 
Gaultheria,  and  50  of  Pernettya.  All 
drawings  were  made  using  a  camera 
lucida. 

Observations 

Organography . — A  pair  of  bracts 
occurs  on  the  pedicel  immediately 
below  the  flower  in  Chiogenes  hispi - 
dula  (Figs.  2,  12-14),  at  a  short 
distance  below  in  Gaultheria  hart- 
wegiana  (Figs.  15,  22)  and  at  the 
base  of  the  pedicel  in  Pernettya 
mucronata  so  that  in  the  latter  they 
do  not  appear  in  most  sections.  (In 
the  following  description  the  genus 
names  alone  will  be  used  to  refer  to 
these  species.)  The  flowers  of  Gaul¬ 
theria  (Figs.  15-23)  and  Pernettya 
(Figs.  24,  25)  are  pentamerous,  pen- 
tacyclic  (with  the  outer  whorl  of 
stamens  opposite  the  petals),  acti- 
nomorphic,  sympetalous,  urceolate 
and  hypogynous.  The  five  carpels 
of  the  compound  pistil  occur  oppo¬ 
site  the  petals.  Chiogenes  (Figs.  1- 
14)  differs  in  being  tetramerous  and 
half-epigynous.  All  three  species 
have  small  nectariferous  lobes  on  the 
ovary  wall  on  either  side  of  the  se- 
palad  stamens  at  the  point  where 
these  become  free  (Figs.  10,  21). 
Placental  ion  is  axile  in  the  species 


investigated  but  becomes  parietal  at 
the  top  of  the  ovary  in  Gaultheria, 
almost  so  in  Chiogenes,  but  not  in 
Pernettya.  Carpel  locules  are  con¬ 
tinuous  with  the  stylar  canal.  Ovules 
vary  in  number  from  15  to  20  per 
carpel  in  Chiogenes  and  Pernettya 
and  from  80  to  100  per  carpel  in 
Gaultheria . 

All  three  show  dermal  appendages 
of  some  sort.  In  Pernettya  a  few 
unicellular  hairs  occur  on  the  pedi¬ 
cel  ;  in  Chiogenes  short,  multicellu¬ 
lar,  multiseriate  protuberances  (Fig. 
33)  occur  on  the  pedicel,  bracts,  and 
receptacle-ovary  up  to  the  point 
where  the  sepals  become  free ;  Gaul¬ 
theria  is  extremely  hairy,  a  condi¬ 
tion  which  caused  some  difficulty  in 
sectioning.  Hairs  of  three  sorts  are 
found  (Figs.  34-36):  unicellular; 
long,  uniseriate,  multicellular ;  and 
very  long,  multiseriate,  multicellu¬ 
lar,  and  usually  glandular.  They  oc¬ 
cur  primarily  on  pedicel,  bracts,  se¬ 
pals,  and  petals  (Figs.  15-23). 

In  Pernettya  and  Gaultheria  the 
calyx  is  synsepalous  for  a  short  dis¬ 
tance.  When  the  sepals  become  free 
they  show  a  slightly  imbricate  aes¬ 
tivation  of  the  quincuncial  type. 
Chiogenes  also  shows  a  slight  syn- 
sepaly,  but  type  of  aestivation  could 
not  be  determined.  In  all  three  the 
corolla  has  free  limbs,  longest  in 
Chiogenes  and  shortest  in  Gaulthe¬ 
ria.  The  aestivation  of  these  in  the 
bud  is  imbricate ;  two  wholly  in  and 
two  wholly  out  in  Chiogenes  and  one 
wholly  external,  one  wholly  internal 
and  three  half  and  half  in  Pernettya 
and  Gaultheria. 

The  anthers  of  all  three  species 
are  introrse  and  extend  upward  be¬ 
yond  the  four  thecae  in  two  short 

«/ 

awns.  In  Pernettya  each  awn  hi- 
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Figs.  1-14 —Chioc/enes  hispidula .  Figs.  1-11,  diagrams  of  serial  cross  sections 
li  om  pedicel  to  top  of  ovary,  x63.  In  Figure  2  the  pair  of  bracts,  not  included  at 
lighei  levels,  has  been  shown.  Figs.  12-14,  diagrams  of  longitudinal  sections.  Fig. 
12.  young  bud,  x67.  Fig.  13,  flower,  x50.  Fig.  14,  fruit,  x50. 
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furcates  close  to  the  thecae,  but  this 
occurs  only  at  the  very  tip  in  Gaul- 
theria  and  Chiogenes.  Each  stamen 
in  Gaultheria  is  characterized  by  a 
pair  of  pouches  of  highly  granular 
cells  which  eventually  disintegrate. 
These  pouches  are  continuous  from 
the  lateral  edges  of  the  filament  from 
a  point  just  above  the  region  of  its 
attachment  to  the  anther,  through  a 
protruding  area  of  connective  tissue, 
to  a  continuation  of  this  connective 
tissue  above  the  level  of  the  thecae 
( i.e .,  in  the  awns)  where  near  the 
tip  disintegration  results  in  a  bifur¬ 
cation  of  each  awn.  Comparable 
granular  pouches  were  not  found  in 
Pernettya  or  Chiogenes,  but  are  re¬ 
ported  and  illustrated  for  other  spe¬ 
cies  of  Gaultheria  (Chou,  1952)  and 
for  some  species  of  the  Andromedeae 
(Palser,  1951).  In  all  three,  mature 
pollen  grains  are  tetrahedral  tet¬ 
rads. 

All  three  species  are  reported  to 
produce  “berries.”  A  study  of  slides, 
as  well  as  the  literature,  indicates 
that  the  nature  of  the  fleshy  tissue 
differs  in  each  case.  In  Gaultheria 
the  fruit  is  a  capsule  which  is  sur¬ 
rounded  by  a  fleshy  calyx ;  in  Per¬ 
nettya  the  ovary  wall  is  fleshy  and 
the  calyx  remains  small;  in  Chio¬ 
genes  the  bulk  of  the  fleshy  tissue 
is  derived  from  receptacle  and  joint 
carpel  wall  with  other  floral  parts 
(Fig.  14)  and  in  this  respect  is 
somewhat  more  comparable  to  the 
fruit  of  Vaccinium  and  its  allies. 
Study  of  fresh  mature  fruits  of  Chi¬ 
ogenes  should  be  made.  If  the  free 
portion  of  the  calyx  becomes  fleshy 
and  the  free  portion  of  the  ovary 
dry  and  dehiscent,  a  similarity  to 
Gaultheria  would  be  indicated;  or 
if  the  calyx  remains  small  and  the 


free  portion  of  the  ovary  becomes 
fleshy,  there  would  be  a  similarity 
to  Pernettya.  There  are  some  sug¬ 
gestions  that  the  latter  may  be  the 
case. 

In  studying  a  large  number  of 
flowers  of  Pernettya  mucronata  it 
became  evident  that  either  stamens 
or  carpels  were  apparently  not  func¬ 
tional.  In  buds  or  flowers  showing 
long  stamens  with  functional  an¬ 
thers  (Fig.  24)  there  were  at  most 
only  one  or  two  ovules  per  carpel 
and  frequently  there  were  none.  On 
the  other  hand,  in  those  flowers 
which  showed  several  ovules,  the 
stamens  were  short  and  the  anthers 
collapsed  with  no  signs  of  airg  spor- 
ogenous  tissue  (Fig.  25).  The  stig¬ 
ma  is  expanded  in  flowers  with 
ovules  (Fig.  25),  not  in  flowers  with¬ 
out  (Fig.  24).  All  flowers  or  buds 
sectioned  from  any  one  collection 
were  of  the  same  sort,  suggesting  a 
functional  dioecism  such  as  has  been 
reported  for  Epigaea  repens  (Fal¬ 
ser,  1951;  Stevens,  1911).  Further 
studies  should  be  made  in  the  field 
and  on  herbarium  material  to  deter¬ 
mine  whether  this  is  consistent. 

Vascular  anatomy. — There  are 
many  similarities  in  floral  vascular 
anatomy  among  these  three  species 
and  between  them  and  the  various 
ericaceous  flowers  studied  earlier.  In 
all  three  the  pedicel  contains  a  com¬ 
plete  ring  of  vascular  tissue  (Figs.  1, 
15)  which  is  interrupted  at  the  point 
of  departure  of  a  single  trace  to  each 
bract.  The  bract  gaps  soon  close  and 
a  continuous  ring  is  again  found  in 
the  receptacle  (Figs.  2,  16). 

Tn  Pernettya  and  Gaultheria  vas¬ 
cular  tissue  to  the  sepals  is  the  first 
to  depart.  Each  sepal  is  supplied 
by  a  single  large  bundle,  leaving  a 
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Figs.  15-23.  Gault  her  ia  hartwegiana ,  x63.  Figs.  15-19,  diagrams  of  serial  cross 
sections  from  pedicel  to  base  of  ovary.  Figs.  22,  23,  diagrams  of  longitudinal  sec¬ 
tions  ot  same  bud,  several  sections  apart. 
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single  gap  in  the  vascular  cylinder, 
which  separates  radially  to  three 
parts  rather  close  to  its  point  of 
origin  (Figs.  17,  18).  Additional 
branching  of  the  laterals  occurs.  The 
lateral  traces  in  particular  turn 
downwards  for  a  distance  in  their 
outward  course.  The  size  of  the 
bundles  and  number  of  branches  is 
greater  in  Gaultheria  than  in  Per- 
nettya.  The  petal  traces  form  the 
next  whorl  of  bundles,  one  trace  to 
each  petal  (Figs.  8-10).  Each  gives 
rise  to  a  total  of  three  bundles  at 
about  the  point  where  the  corolla 
becomes  free  from  the  receptacle. 
The  petalad  stamen  bundles  are  next 
to  appear:  in  Gaultheria  either  as  a 
single  bundle  after  the  closure  of 
the  petal  gap  or  with  a  double  ori¬ 
gin,  part  from  each  side  of  the  petal 
gap  (Figs.  19,  20)  ;  and  in  Pernett- 
ya  with  the  double  origin,  in  some 
cases  so  close  above  the  petal  trace 
as  almost  to  have  a  common  origin 
with  that  bundle.  Next  the  traces 
to  the  sepalad  stamens  arise,  usually 
as  single  bundles  after  the  closure 
of  the  sepal  gaps.  In  each  stamen 
of  both  whorls  the  single  bundle 
traverses  the  filament  and  enters  the 
connective  where  it  turns  down¬ 
wards  toward  the  apparent  base  of 
the  anther  (morphological  apex, 
Matthews  and  Knox,  1926).  Dorsal 
carpel  bundles  arise  as  single  bun¬ 
dles  from  one  side  of  the  petalad 
stamen  gap  or  essentially  in  common 
with  the  stamen  trace  in  Pernettya 
and  either  as  a  single  bundle  from 
one  side  of  the  gap  or  as  a  double 
bundle  from  both  sides  of  the  gap 
in  Gaultheria  (Fig.  20).  The  dorsal 
carpel  bundles  pass  upward  through 
the  ovary  wall  and  into  the  style 
where  they  terminate  just  below  the 


stigma.  Vascular  strands  occur  in 
the  regions  of  the  septa  in  Pernettya 
(Figs.  24,  25)  arising  close  above  or 
in  common  with  the  sepalad  stamen 
traces.  In  the  base  of  the  ovary  each 
of  these  strands  gives  rise  to  two  or 
three  bundles  which  traverse  the 
carpel  wall.  Most  of  these  terminate 
at  the  top  of  the  ovary,  but  one  or 
two  frequently  continue  into  and 
through  the  style.  In  Gaultheria  a 
few  very  small  bundles  may  arise 
from  the  sepalad  stamen  traces. 
These  turn  laterally  and  terminate 
near  the  nectary  lobes  (Fig.  21)  and 
do  not  continue  in  the  carpel  walls. 
The  remaining  vascular  tissue  con¬ 
stitutes  the  ventral  carpel  traces, 
eventually  forming  five  bundles  in 
the  mid-planes  of  the  carpels.  These 
enter  the  placentae  and  supply  the 
ovules.  It  is  interesting,  and  per¬ 
haps  not  too  surprising,  to  note  that 
in  Pernettya  all  the  carpel  traces 
(particularly  the  ventral  and  sep¬ 
tal)  are  more  massive  in  those  flow¬ 
ers  which  are  functionally  carpellate 
than  in  those  functionally  staminate. 

The  vascular  anatomy  of  the  flow¬ 
er  of  Chiogenes  differs  in  several 
respects  from  that  described,  the  dif¬ 
ferences  apparently  ascribable,  at 
least  in  part,  to  the  fact  that  the 
ovary  is  half-inferior.  The  vascular 
pattern  of  Chiogenes  is,  in  many 
ways,  intermediate  between  that  of 
Gaultheria  and  Pernettya  described 
above  and  that  of  Vaecinium  (paper 
in  progress).  Above  the  pair  of 
bracts  the  receptacle  broadens  con¬ 
siderably,  but  the  vascular  traces 
do  not  diverge  until  just  below  the 
opening  of  the  carpels  (Figs.  2,  12- 
14).  At  that  level  four  traces  turn 
outward  to  supply  the  sepals  (Figs. 
8,  4).  Occasional  small  laterals  may 
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Figs.  24,  25. — Pernettya  mucronata.  Fig.  24,  diagram  of  longitudinal  section  of 
“staminate”  bud  x63.  Fig.  25,  diagram  of  longitudinal  section  of  “carpellate” 
flower,  x43. 


arise  from  these  at  various  levels, 
but  are  uot  long.  Slightly  above  and 
at  what  appears  to  be  almost  the 
same  level,  four  bundles  turn  out¬ 
wards  between  the  sepal  bundles  and 
four  other  traces  arise  in  the  plane 
of  the  sepal  bundles  (Pigs.  3-5). 
The  latter  supply  the  sepalad  sta¬ 
mens  and  their  origin  is  from  one 
or  botli  sides  of  the  sepal  gap ;  the 
former  are  compound  bundles.  At 
about  this  level  small  traces  turn 
inward  (Pigs.  4-6),  enter  the  ven¬ 
tral  regions  of  the  carpels  and  even¬ 
tually  the  placentae  (Pig.  9)  where 
they  supply  the  ovules.  The  com¬ 
pound  bundles  between  the  sepal 
and  sepalad  stamen  bundles  give 
rise  inwardly  to  small  strands,  the 
dorsal  carpel  traces,  above  the  level 
of  the  opening  of  the  carpel  locules. 
The  remainder  of  each  bundle  sep¬ 
arates  tangentially  to  its  two  com¬ 
ponent  parts,  an  outer  petal  and  in¬ 
ner  petalad  stamen  supply,  only  at 


the  point  where  the  floral  organs 
become  free  from  the  carpel  wall 
which  is  near  midplacental  level 
(Figs.  8,  9,  12-14).  The  petal  traces 
divide  to  three  up  in  the  corolla  a 
short  distance  (Fig.  10).  The  sta¬ 
men  bundles  follow  a  course  similar 
to  that  described  for  Gaultheria  and 
Pernettya. 

Ovule  structure  and  development. 
— Material  in  all  stages  of  develop¬ 
ment  was  not  available  for  any  of 
the  three  species  studied.  The  ovules 
of  the  Gaultheria  are  small,  uniteg- 
mic  and  anatropous.  In  Pernettya 
and  Chiogenes  they  are  larger,  also 
unitegmic,  and  have  a  strong  ten¬ 
dency  towards  the  campylotropous 
condition.  The  only  early  develop¬ 
mental  material  available  was  in 
Chiogenes  where  a  tetrad  could  be 
observed  (Pig.  26),  as  well  as  stages 
in  the  disintegration  of  the  micro- 
pylar  spores  and  the  enlargement  of 
the  chalazal  one  (Pigs.  27,  28).  Al- 
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Figs.  26-33. — Chiogencs  hispidula,  x730.  Fig  26.  ovule  with  tetrad.  Figs.  27,  28, 
disintegration  of  micropylar  spores  and  enlargement  of  chalazal  one.  Fig.  29, 
mature  megagametophyte.  Figs.  30-32,  endosperm  development.  Fig.  33,  dermal 
appendage  from  bract:  a ,  longitudinal  section;  b,  cross  section  of  tip.  Figs.  34-36.— 
Gaultheria  hartwegiana,  x730.  Fig.  34,  uniseriate,  multicellular  hair  on  pedicel. 
Fig.  35,  unicellular  and  multicellular,  multiseriate,  glandular  hair  from  cross  sec¬ 
tion  of  pedicel:  a ,  longitudinal  section  of  base  only;  b,  longitudinal  section  of  tip; 
c.  cross  section  of  tip;  d,  cross  section  in  mid  region;  e ,  cross  section  near  base. 
Fig.  36,  base  of  multiseriate  hair  from  longitudinal  section  of  sepal. 
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though  stages  between  these  and  the 
mature  megagametophyte  (Fig.  29) 
were  missing,  these  are  the  critical 
stages  and  there  is  little  doubt  that 
the  development  can  be  classed  as 
Polygonum  type.  The  mature  mega- 
gametophyte  of  Chiogenes  (Fig.  29) 
is  seven-celled  and  seven-nucleate, 
the  secondary  nucleus  occurring 
close  to  the  egg.  The  antipodals  are 
quite  large,  the  two  micropylar  nu¬ 
clei  sometimes  separated  by  a  wall 
and  sometimes  not.  The  occurrence 
of  a  single-layered  nucellus  in  the 
tetrad  stage  (Fig.  26)  would  indi¬ 
cate  that  one  archesporial  cell  had 
become  a  megaspore  mother  cell  di¬ 
rectly.  The  nucellus  disintegrates 
along  with  the  micropylar  spores 
(Figs.  2/,  28)  and  the  megagame- 
tophyte  comes  to  lie  in  direct  con¬ 
tact  with  the  integument  (Fig.  29), 
as  has  been  described  for  all  other 
Ericaceae  studied  so  far.  The  in¬ 
tegument  surrounding  the  chalazal 
half  of  the  megagametophyte  ex¬ 
hibits  a  weakly  developed  endothe¬ 
lium  (Fig.  29). 

The  entrance  of  the  pollen  tube 
'  n  Chiogenes  destroys  the  synergids 
(Figs.  30-32).  Division  of  the  pri¬ 
mary  endosperm  nucleus  precedes 
that  of  the  zygote,  and  endosperm 
development  is  cellular  (Figs.  31, 
32).  the  antipodal  cells  persist  in 
a  partially  disintegrated  state  dur¬ 
ing  the  early  stages  of  endosperm 
development  (Figs.  30-32).  Later- 
stages  show  two  endosperm  hails¬ 
torm,  a  micropylar  and  a  chalazal 
one,  both  rather  small.  Developing 
seeds  of  Pernettya  also  exhibit  both 
micropylar  and  chalazal  endosperm 
lm  ustoria,  both  larger  than  those  in 
Chiogenes  and  separated  from  the 
body  of  the  endosperm  by  verv 


strong  constrictions.  The  zygote  in 
both  elongates  and  develops  into  an 
embryo  within  the  main  body  of  the 
endosperm. 

Discussion 

Particular  interest  attaches  to 
Chiogenes  which  has  had  a  long  and 
varied  nomenclatural  history.  (Airy- 
Shaw  (1940)  gave  the  following: 
1  accinium  hispidulum  L.,  Arbutus 
fill  for  mis  Lam.,  Arbutus  thymifolia 
Ait.,  Oxy coccus  hispidula  (L.)  Pers., 
Gault  heria  hispidula  (L.)  Muhlenb. 
Gaultheria  serpyllif blia  Pursh,  Chi¬ 
ogenes  serpyllif olia  (Pursh)  Salisb., 
Glyciphylla  hispidula  (L.)  Raf. 
Schollera  hispidula  (L.)  Steud.,  Pha- 
lerocarpus  serpyllif olium  (Pursh)  CL 
Don,  Lasierpa  hispidula  (L.)  Torr., 
Phaler  ocarpus  hispidula  (L.) 
Heynlu,  Chiogenes  hispidula  (L.) 
Torr.  &  Gray.)  While  part  of  this 
history  can  be  associated  with  de¬ 
termination  of  priority  of  both  ge¬ 
neric  and  specific  epithets,  much  of 
it  can  be  blamed  on  the  real  problem 
of  the  actual  affinities  of  Chiogenes 
within  the  Ericales.  As  stated  by 
Airy-Shaw  (1940:328)  :  “The  slight 
tendency  of  the  ovary  to  become  in¬ 
ferior  is  apparently  responsible  for 
the  chequered  nomenclatural  career 
of  this  species”.  Airy-Shaw  felt  that 
too  much  importance  should  not  be 
attached  to  this  character,  as  he 
found  the  same  tendency  in  Gaul¬ 
theria  semi-inf  era,  and  thus  he 
placed  the  plant  in  the  genus  Gaul¬ 
theria  in  the  series  Hispidulae  of 
the  section  Eugaultheria.  The  pres¬ 
ent  author  feels  that  the  tendency 
is  more  than  “slight”;  it  occurs 
consistently  in  material  collected 
from  widely  different  localities  and 
becomes  more  exaggerated  as  the 
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flower  becomes  older  (Figs.  12-14). 
“  Half  -inferior”  flowers  are  also 
found  in  Vaccinium;  the  floral  or¬ 
gans  of  the  tetramerons  V.  uligino- 
sum  separate  from  the  carpel  wall 
at  a  point  as  low  as,  or  only  some¬ 
what  higher  than,  that  in  Chiogenes. 
This,  however,  is  not  an  argument 
for  placing  Chiogenes  with  Vaccini¬ 
um.  The  stamen  characters  are 
much  more  closely  allied  to  the 
Gaultherieae  than  to  the  Vaccinioi- 
deae  (or  Vacciniaceae) .  In  all  mem¬ 
bers  of  Vaccinium ,  Gaylussacia  and 
their  allies  so  far  studied  in  detail 
(44  species)  the  introrse  anthers  ter¬ 
minate  upwards  in  a  pair  of  very 
long  awns  which  become  hollow  and 
partly  open  along  one  side  near  the 
tip  and  serve  in  the  shedding  of  the 
pollen.  In  Chiogenes ,  on  the  other 
hand,  the  upward  extensions  of  the 
anther  do  not  become  hollow  or  func¬ 
tion  as  an  opening  for  pollen  dis¬ 
persal.  The  separation  of  each  awn 
into  two  parts  at  the  extreme  tip 
is  accomplished  by  disintegration 
from  the  outside  inwards  and  has  no 
counterpart  in  the  vacciniums.  The 
author  maintains  Chiogenes  as  a 
separate  genus  ( C .  hispidula  is  the 
type  species),  allied  to  Gaultheria 
and  Pernettyci,  because  the  differ¬ 
ences  between  it  and  Gaultheria  ap¬ 
pear  greater  than  those  between 
Gaultheria  and  Pernettyci. 

The  vascular  anatomy  of  the  flow¬ 
er  in  Gaultheria  hartweegiana  and 
Pernettyci  mucronata  is  more  com¬ 
parable  to  that  of  G.  ovatifolia  and 
G.  shallon  than  to  that  of  G.  pro- 
cumbens  (Chou,  1952)  in  which 
there  is  essentially  a  single  sepal 
trace.  Both  G.  hartweegiana  and  the 
Pernettyci  show  considerably  less 
non-divergence  of  traces  to  the  vari¬ 


ous  organs  than  Chou  (1952)  re¬ 
ported  for  G.  procumbens,  G.  shal¬ 
lon,  and  G.  ovatifolia  and  thus 
might  be  considered  more  primitive. 
The  extension  of  septal  carpel  traces 
into  the  style  found  in  Pernettya 
mucronata  also  occurs  in  G.  ovati¬ 
folia.  This  is  not  of  common  occur¬ 
rence  in  the  Ericales  and  has  not 
been  reported  elsewhere  in  the  Arbu- 
toideae,  although  it  is  found  in  the 
Pyroleae  and  in  Sarcodes  (Copeland, 
1941,  1947)  and  in  Clethra  arborea 
(Kavaljian,  1952).  The  large  hairs 
of  G.  hartweegiana  are  similar  to 
those  of  G.  shallon  (Chou,  1952). 

Some  differences  in  vascular  anato¬ 
my  between  the  species  of  Gaul¬ 
theria  and  of  Pernettya  can  be  re¬ 
lated  to  the  portion  of  the  flower 
which  becomes  fleshy  in  the  fruit. 
Thus  in  Gaultheria  the  sepal  traces 
are  heavier  and  more  subdivided, 
while  in  Pernettya  the  carpel  traces 
are  larger  and  more  frequent. 

What  could  be  determined  of 

ovule  structure  and  development  in 

Chiogenes  was  as  expected.  All  pre- 

viouslv  studied  material  in  the  Eri- 
«/ 

caceae  has  shown  anatropous  to 
somewhat  campylotropous,  uniteg- 
inic  ovules,  a  Polygonum  type  of 
megagametophyte  development  ex¬ 
cept  in  C as siope  mertensiana  (Pal- 
ser,  1952),  an  ephemeral  nucellus, 
an  endothelium,  cellular  develop¬ 
ment  of  the  endosperm  except  in 
Rhododendron  japonicum  and  R. 
mucronatum  (Creech,  1955)  and  at 
least  one,  but  frequently  two,  endo¬ 
sperm  haustoria.  Chou  (1952)  re¬ 
ported  that  large  and  persistent  an¬ 
tipodal  s  occur  in  the  species  of 
Gaultheria  which  she  studied,  com¬ 
parable  to  those  reported  here  for 
Chiogenes. 
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Summary 

1.  Flowers  of  Gaultheria  hartwe- 
giana  and  Pernettya  mucronata  are 
pentamerous,  pent  a  cyclic,  actino- 
morphic,  sympetalous,  and  hypogy- 
nous.  Anthers  have  short  awns. 
Flowers  of  Chiogenes  hispidula  are 
tetramerous  and  half-epigynous. 

2.  Flowers  of  Pernettya  mucro¬ 
nata  are  functionally  imperfect  and 
the  plants  may  be  dioecious. 

3.  The  vascular  anatomy  of  the 
flowers  in  the  species  of  Pernettya 
and  Gaultheria  studied  is  quite  simi¬ 
lar,  traces  to  the  floral  organs  aris¬ 
ing  essentially  independently  in  the 
following  order :  sepals,  petals,  pet- 
alad  stamens,  sepalad  stamens,  dor¬ 
sal  regions  of  the  carpels  (septal 
regions  of  the  carpels  in  Pernettya) , 
and  ventral  regions  of  the  carpels. 
Each  sepal  trace  immediately  sep¬ 
arates  to  three  and  the  laterals  again 
divide.  Some  septal  carpel  traces  in 
Pernettya  may  enter  the  style ;  in 
Gaultheria  small  traces  in  a  compar¬ 
able  position  extend  only  to  the  base 
of  the  nectaries. 

4.  The  vascular  anatomy  of  Chio¬ 
genes  differs  from  the  above,  appar¬ 
ently  in  association  with  its  “half- 
inferior”  condition,  and  appears  in¬ 
termediate  between  the  above  and 
the  pattern  found  in  Vaccinium. 

5.  What  could  be  determined  of 
ovule  development  agreed  with  ob¬ 
servations  made  on  other  members 
of  the  Ericaceae :  anatropous  to 
somewhat  campylotropous,  uniteg- 
mic  ovules,  Polygonum- type  mega- 
gametophyte  development  and  cellu¬ 
lar  endosperm  with  haustoria. 

6.  For  the  present  Chiogenes  is 
maintained  as  a  separate  genus,  the 
observable  differences  in  the  flower 


between  it  and  Gaultheria  being 
greater  than  between  Gaultheria  and 
Pernettya. 
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TEACHING  OF  CHEMISTRY  IN  THE 
ELEMENTARY  SCHOOL 

CALVIN  P.  MIDGLBY 
Lake  Villa,  Illinois 


Requirements  for  Elementary 
School  Chemistry 

This  report  is  based  upon  obser¬ 
vations  made  in  the  experimental 
teaching  of  chemistry  at  the  6th, 
7th,  and  8th  grade  levels.  This  pro¬ 
gram  of  research  was  begun  in  1952 
at  the  Lake  Villa  Community  Con¬ 
solidated  School,  Lake  Villa,  Illinois. 
Each  class,  composed  of  10  to  15 
students,  met  at  8  a.m.,  three  days 
a  week,  one  hour  before  the  rest  of 
the  school  convened.  Various  as¬ 
pects  of  the  subject  as  usually  taught 
in  a  first-year  course  in  high  school 
or  college  were  tried  to  learn  which 
of  them  were  readily  grasped  and 
which  were  not.  Since,  admittedly, 
chemistry  is  a  difficult  subject  for 
high-school  or  even  freshmen  college 
students,  it  seemed  that  a  different 
method  of  presenting  it  had  to  be 
found.  Such  a  course,  to  be  suit¬ 
able  for  grade  school,  had  to  be 
adaptable  to  groups  of  from  30  to 
40  students,  without  the  benefit  of 
laboratory  facilities,  and  so  well  or¬ 
ganized  that  it  could  be  taught  by 
a  teacher  lacking  extensive  formal 
training  or  experience  in  its  pres¬ 
entation. 

These  requirements  might  at  first 
seem  to  have  been  insurmountable, 
but  two  considerations  encouraged 
the  undertaking:  1)  There  is  a  nat¬ 
ural  interest  in  chemistry  at  this 
age.  Commercial  interests  have  prof¬ 
ited  from  this  curiosity  by  .furnish¬ 
ing  chemistry  sets  with  instructions 


on  how  to  perform  a  number  of  in¬ 
teresting  but  unrelated  experiments. 
The  teaching  profession  has  gener¬ 
ally  responded,  not  by  teaching 
chemistry,  but  by  telling  the  stu¬ 
dents  about  chemistry  without  sup¬ 
plementing  this  information  with  ex¬ 
periments.  This  method  is  about  as 
satisfying  to  students  as  a  choice 
steak  would  be  to  a  starving  man  if 
lie  were  given  nothing  more  sub¬ 
stantial  than  a  vivid  description  of 
it.  It  would  seem  axiomatic  that  if  a 
student  is  intensely  interested  in  a 
subject,  regardless  of  his  age,  there 
must  be  some  way  to  teach  it  to 
him.  2)  The  second  consideration 
concerns  the  challenge  imposed  upon 
us  by  Russia.  If  Russians  can  intro¬ 
duce  chemistry  at  the  third-grade 
level  with  advantageous  results,  cer¬ 
tainly  American  children  can  be 
taught  chemistry  before  their  junior 
or  senior  year  in  high  school.  Of 
course,  we  are  handicapped  by  hav¬ 
ing  to  teach  all  of  our  children,  as 
contrasted  to  the  Russian  system 
which  concentrates  its  efforts  on  the 
gifted  and  talented.  This  is  not  an 
insurmountable  obstacle,  however. 
Chemistry  is  not  a  subject  to  be 
taught  in  the  grades  as  a  full  year’s 
course,  but  rather  in  units  of  per¬ 
haps  six  weeks  each.  There  are 
many  other  important  subjects  that 
must  also  be  taught  at  this  time. 
On  the  completion  of  these  units  in 
each  of  the  last  three  years  in  the 
elementary  school,  those  students 
showing  unusual  promise  could  then, 
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on  the  recommendation  of  the  grade 
school,  and  possibly  on  the  basis  of 
competitive  examination,  be  selected 
for  early  and  progressive  training 
in  high  school.  In  this  way,  the  less 
gifted  students  conld  still  meet  their 
university  entrance  requirements  by 
taking  chemistry  at  the  usual  time, 
and  the  talented  students  would  be 
given  the  opportunity  they  deserve. 

Grayslake  High  School  in  Grays- 
lake,  Illinois,  and  Antioch  Township 
High  School  in  Antioch,  Illinois,  are 
already  adjusting  their  curricula  to 
accept  such  students  and  are  pre¬ 
paring  special  courses  for  them.  This 
year,  on  the  freshman  level,  biology 
is  being  taught  to  these  suclents  in 
place  of  general  science,  and  eligible 
sophomores  have  been  allowed  to  en¬ 
roll  in  chemistry.  In  the  next  few 
years  courses  in  analytical  chemis¬ 
try  and  organic  chemistry  will  be 
provided  for  interested  and  qualified 
students  in  their  junior  and  senior 
years.  If  this  program  continues  to 
progress  as  planned,  students  bene¬ 
fiting  from  it  should  have  an  experi¬ 
ence  in  chemistry  comparing  favor¬ 
ably  with  that  offered  by  the  Rus¬ 
sian  system. 

Three  Units  for  Meeting 
the  Requirements 

As  a  result  of  this  research,  we 
have  developed  a  series  of  three  six- 
week  units  of  study  to  be  taught  in 
a  specific  order  in  the  6th,  7th  and 
8th  grades.  Each  of  these  units  fea¬ 
tures  simple  experiments  to  demon¬ 
strate  the  principles  discussed  and 
to  emphasize  the  qualitative  aspects 
of  the  subject,  for  we  realized  early 
in  this  work  that  the  children  were 
primarily  interested  in  learning  by 


seeing  and  doing.  The  quantitative 
work  is  directed  chiefly  at  teaching 
the  students  how  to  write  correct  for¬ 
mulas  and  balance  equations.  The 
current  theory  of  the  structure  of 
matter  is  reserved  for  the  last  phase 
of  study,  for  it  seems  only  logical 
that  an  attempted  theoretical  expla¬ 
nation  or  application  of  facts  is  in¬ 
teresting  and  profitable  to  students 
only  after  the  facts  themselves  art' 
thoroughly  known. 

Unit  1. — No  other  instrument  yet 
developed  is  so  useful  in  presenting 
the  facts  of  chemistry  as  the  Peri¬ 
odic  Table  of  the  Elements.  His¬ 
torically,  it  created  order  out  of 
chaos  in  the  subject  and  made  of 
chemistry  a  science.  Accordingly,  it 
is  used  as  the  basis  of  all  the  units 
and  is  carefully  taught  as  the  first 
lesson.  Any  student  taking  Unit  2 
or  3  without  having  had  the  first 
unit  would  have  to  study  the  first 
lesson  in  this  unit.  Only  the  ele¬ 
ments  usually  considered  in  a  first- 
year  course  of  study  are  included, 
and  they  are  presented  to  the  stu¬ 
dent  in  a  unique  manner.  For  ex¬ 
ample,  in  Figure  1,  hydrogen  is 
called  the  “Ancestor”  of  the  fami¬ 
lies  of  elements.  The  family  of  rare 
gases  is  called  the  “Royal”  family 
for  they  are  “standoffish”  and  will 
not  associate  with  or  combine  with 
any  of  the  “Commoners”  in  our 
table  and  are  therefore  designated 
the  “0”  family  as  well.  The  seven 
regular  families,  just  like  human 
families,  have  “parents”  and  two 
kinds  of  “children.”  The  “cousins” 
are  closely  associated  with  the  “cliil- 
dren”  of  the  seven  families. 

The  elements  are  classified  (Fig. 
2)  as  follows:  1)  metals;  2)  non- 
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metals;  and  3)  hydrogen,  a  unique 
element  that  looks  like  the  nonmet¬ 
als  but  chemically  acts  like  the  met¬ 
als.  The  properties  of  these  classes 
of  elements  are  enumerated  and 
demonstrated.  The  students  are  al¬ 
ready  familiar  with  the  properties 
of  the  metals  and  readily  learn  to 
classify  them  and  to  distinguish  be¬ 
tween  their  physical  and  chemical 
properties.  They  are  then  introduced 
to  those  nonmetals  with  which  they 
are  not  familiar.  Nonmetals  too  are 
described  as  having  properties  more 
or  less  in  common:  1)  individual 
personality;  2)  allotroy  or  the  prop¬ 
erty  of  exhibiting  more  than  one 
personality;  and  3)  their  integral 
relation  to  the  gaseous  state.  This 
classification  is  original  and  helpful 
as  a  basis  of  reasoning  in  the  course. 
The  unit  is  completed  with  a  lesson 
on  identifying  the  elements  by  bead 
tests,  flame  tests,  and  spectroscopic 
analysis. 

Unit  2.- — Compounds.  The  follow¬ 
ing  simple  classification  of  com¬ 
pounds  is  based  upon  the  Periodic 
Table  and  our  classification  of  the 
elements:  1 )  hydrogen-nonmetal 
compounds;  2)  metal-nonmetal  com¬ 
pounds;  and  3)  nonmetal-nonmetal 
compounds  (Pig.  2).  The  law  of 
definite  composition  is  explained, 
and  compounds  are  contrasted  with 
mixtures.  This  leads  naturally  to  a 
study  of  ionic  solutions,  valences, 
and  solubilities  of  compounds.  A  ce¬ 
ramic  plate  developed  for  the  course 
is  used  for  drop  testing.  These 
plates  are  replicas  of  the  Periodic 
Table.  Each  student  places  a  drop 
of  each  of  the  metal  ions  in  its  ap- 
propriate  depression  in  the  plate  and 
then  tests  each  with  a  drop  of  a  se¬ 
lected  reagent — sulfide,  halide,  chro- 
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mate,  etc.  This  very  quickly  ac¬ 
quaints  the  students  with  hundreds 
of  salts,  their  colors,  solubilities,  and 
other  characteristics.  This  unit  also 
includes  the  properties  of  acids  and 
bases  and  the  nature  of  neutraliza¬ 
tion  and  hydrolysis  reactions. 

Unit  3. — In  the  first  section  of  this 
unit  elements  are  recovered  from 
their  compounds,  some  of  which  have 
been  prepared  in  Unit  2  from  the 
elements  studied  in  Unit  1.  In  this 
way  the  principle  of  the  indestruc¬ 
tibility  of  matter  is  taught.  The 
second  section  introduces  the  student 
to  some  simple  organic  compounds. 
Group  preparation  of  alcohol  and 
soap  and  individual  preparation  of 
small  amounts  of  sweet  smelling  es¬ 
ters  constitute  the  experiments.  The 
unit  closes  with  a  lesson  on  the  cur¬ 
rent  theory  of  the  structure  of  mat¬ 
ter.  This  is  readily  taught  to  the 
students  who  are  now  thoroughly 
familiar  with  the  Periodic  Table. 

Results  of  Initial  Trials 
with  the  Units 

Three  schools  have  seriously  at¬ 
tempted  the  teaching  of  the  first  unit 
this  year.  One  of  these  schools  has 
gone  on  into  the  second  unit  because 
of  the  success  of  the  first.  The  third 
unit  has  not  yet  had  its  “  trial  by 
fire.”  Materials  for  use  in  the  units 
have  been  assembled  into  convenient 
time-saving  teachers ’  kits.  The  re¬ 
sults  given  below  represent  the  com¬ 
bined  observations  of  the  three 
teachers  who  have  pioneered  these 
units :  Harrison  Brown  of  the  Anti¬ 
och  Community  Consolidated  Grade 
School  in  Antioch;  Karl  IT.  Ohlen- 
dorf  of  the  Lake  Villa  Community 
Consolidated  Grade  School  in  Lake 
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Villa;  and  Mrs.  Elaine  Helke  of  the 
Oak  Terrace  Grade  School  in  High- 
wood.  All  schools  are  in  Lake  Comi¬ 
ty,  Illinois. 

1.  Chemistry  was  found  to  be  defi- 
nitely  teachable  in  the  units  used. 
The  children  showed  amazing  ability 
to  grasp  scientific  concepts,  terms 
and  facts.  One  teacher  said  that  any 
teacher  with  a  certificate  could  teach 
the  units.  Another  expressed  a  be¬ 
lief  that  Unit  1  could  be  taught  in 
the  third  grade. 

2.  Unsuspected  talents  and  inter¬ 
ests  were  discovered.  One  problem 
boy  suddenly  became  a  regular  at¬ 
tendant  at  class  and  an  active  par¬ 
ticipant  in  discussions.  Another  stu¬ 
dent,  one  who  apparently  could  not 
read  with  understanding,  had  no 
trouble  reading  chemistry,  a  subject 
in  which  he  showed  a  definite  in¬ 
terest. 

3.  The  fun  of  learning  chemistry 
stimulated  interest  and  desire  to 
learn  in  other  fields. 

4.  The  natural  curiosity  of  stu¬ 
dents  of  this  age  was  fed  and  stim¬ 
ulated  often  to  an  intense  enthusi¬ 
asm.  Many  students  surprised  the 
teacher  by  volunteering  information 
obtained  by  outside  reading.  Noting 
this,  one  teacher  offered  extra  credit 
for  special  reports.  One  student  fur¬ 
nished  four  such  reports  during  the 
course  of  the  six  weeks  unit. 

5.  The  fear  of  chemistry,  as  a  dif¬ 
ficult  subject,  in  students  and  teach¬ 
ers  was  definitely  dispelled.  In  writ¬ 
ten  evaluations  asked  of  the  students 
at  the  end  of  the  course,  most  ex¬ 
pressed  a  desire  to  go  on  with  the 
study  of  chemistry.  All  three  teach¬ 


ers  admitted  their  own  fears  and 
misgivings  on  beginning  the  units, 
but  all  expressed  confidence  at  the 
end  of  the  course.  One  teacher  felt 
that  this  basic  fear  in  the  average 
teacher  would  be  the  greatest  stum¬ 
bling  block  in  putting  the  units  into 
general  use. 

Conclusions 

Enthusiasm  for  lifetime  careers  in 
science  begins  at  a  very  early  age. 
Forty  of  this  year’s  winners  of  the 
Westinghouse  Science  Talent  Search, 
at  an  age  of  3  to  15  years,  developed 
the  desire  to  be  scientists,  with  the 
average  number  charted  between  the 
ages  of  6  and  10.  In  view  of  this, 
and  considering  our  national  need 
for  developing  scientists,  the  teach¬ 
ing  profession  has  a  serious  respon¬ 
sibility  to  introduce  all  scientific 
subjects  in  the  elementary  school. 

Based  upon  the  assumption  that 
it  is  a  difficult  subject,  chemistry  is 
not  only  avoided  in  the  grade  school 
but  is  not  introduced  in  high  school 
until  the  junior  or  senior  year.  Many 
high  schools,  50%  of  them  in  this 
country,  do  not  teach  chemistry  at 
all.  A  six-year  program  of  research 
to  find  a  method  of  introducing 
chemistry  in  the  elementary  school 
has  resulted  in  the  preparation  of 
three  six-week  units.  These  units  are 
designed  not  only  to  be  taught  to 
children  10  to  12  years  of  age,  but 
by  teachers  not  trained  in  the  sub- 
ject.  Three  elementary  schools  in 
Lake  County  have  reported  highly 
satisfactory  results  with  these  units 
after  one  year  of  experimentation. 


TITRATION  OF  5-ACETAMIDOTETRAZOLE 
IN  NON- AQUEOUS  MEDIA 

EUGENE  LIEBER  and  EDWIN  OFTEDAHL 
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Introduction 

In  1951,  Liebe'r,  Patinkin  and  Tao 
reported  that  5-nitraminotetrazole 
(I)  is  a  dibasic  acid  in  which  U  is 
as  strong  as  the  strong  inorganic 
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acids  and  k2  has  the  value  9  x  10  7 
(pKa=6.1).  This  rather  surprising 
value  of  k,  for  structure  I  could  sat¬ 
isfactorily  be  accounted  for  on  the 
basis  that  the  hydrogen  of  the  nitra- 
mino-group  is  the  strong  acid  proton 
and  that  its  removal  results  in  a  very 
large  increase  in  resonance  stabiliza¬ 
tion  (I— >11)  of  the  anion  (II)  with 
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respect  to  the  free  acid  (I).  Con¬ 
firmation  for  this  hypothesis  was  ob¬ 
tained  by  Lieber,  Sherman  and 
Patinkin  (1951)  by  a  study  of  the 
ultraviolet  absorption  spectra  of  I 
and  its  salts.  Further  confirmation 
for  the  idea  that  symmetry  and  res¬ 
onance  considerations  were  impor¬ 
tant  factors  in  the  dissociation  quo¬ 
tients  of  nitrogen  heterocycles  was 
shown  by  the  very  strong  acidity  of 
5-azidotetrazole  (III)  and  the  great- 
ly  reduced  value  of  kL  exhibited  by 
3-methyl-5-nitramino-l,  2,  4-triazole 
(IV)  in  which  the  symmetry  of  the 
tetrazole  ring  has  been  destroyed  by 
the  insertion  of  a  carbon  atom  for 
a  nitrogen  atom  in  position-3  (Lieb¬ 
er,  Patinkin  and  Tao,  1951).  The 
second  proton  in  IV  was  too  weak 
to  be  determined  potentiometrically. 
Accordingly,  the  report  by  Herbst 
and  Garbrecht  (1953)  that  5-aceta- 
midotetrazole  (V)  had  an  apparent 
dissociation  quotient  of  4.5  pKa 
units,  involving  an  increase  of  only 
1.5  pKa  units  over  that  of  5-amino- 
tetrazole  (VI)  (Lieber,  Patinkin  and 
Tao,  1951)  was  of  considerable  in¬ 
terest.  Structure  V,  by  the  removal 
of  a  proton  from  the  5-acetamido 
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side  chain  should  exhibit  the  large 
increase  in  resonance  stabilization  of 
its  anion  (VII)  with  respect  to  the 
free  acid  (V)  as  that  exhibited  by 
structure  II.  However,  Herbst  and 
Garbrecht  (1953)  could  not  potenti- 
ometrieally  detect  the  second  proton 
in  aqueous  media;  they  predicted 
that  it  might  be  possible  to  detect 
the  second  proton  in  non-aqueous 
media.  In  view  of  the  conflict  of 
ideas  expressed  by  the  above  inves- 
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VII. 

tigations  it  was  decided  to  investigate 
the  acidic  behavior  of  5-acetamido- 
tetrazole  (V)  in  both  aqueous  and 
nonaqueous  media.  This  communi¬ 
cation  reports  the  results  of  that 
study.  Subsequent  to  the  submis¬ 
sion  of  this  communication  (Janu- 
ary  16,  1958)  there  has  appeared 
a  brief  note  by  Maher  and  Yohe 
(1958;  submitted  February  3,  1958) 
confirming  some  of  the  data  in  the 
present  paper. 

Materials  and  Methods 

The  required  5-acetamidotetrazole 
was  prepared  by  two  independent 
procedures  both  of  which  led  to  iden¬ 
tical  products.  The  sequence  of  re¬ 
actions  is  outlined  later. 

Following  the  procedure  of  Herbst 
and  Garbrecht  (1953)  the  benzyia- 
t  ion  of  5-aminotetrazole  (VI)  led 
to  the  formation  of  a  mixture  of 
5-benzylaminotetrazole  (VIII)  and 


l-benzyl-5-aminotetrazole  (IX).  The 
desired  IX  was  separated  from  the 
mixture  by  extraction  with  aqueous 
sodium  hydroxide ;  the  insoluble  por¬ 
tion  after  recrystallization  from  50% 
aqueous  isopropyl  alcohol  gave  IX 
melting  at  190-192°.  Acetylation  of 

IX  led  to  the  isolation  of  l-benzyl-5- 

«/ 

acetamidotetrazole  (X)  which  on 
catalytic  debenzylation  by  means  of 
hydrogen  (50  p.s.i.  and  room  tem¬ 
perature)  in  the  presence  of  palladi¬ 
um  on  charcoal  gave  5-acetamido¬ 
tetrazole  (V)  melting  at  268°  (Anal¬ 
ysis:  C3H5N50 :  Calculated:  N,55.1. 
Found:  N,  55.6) .  The  direct  acetyl¬ 
ation  of  5-aminotetrazole  (VI)  was 
carried  by  the  procedure  of  Thiele 
and  Ingle  (1895),  yielding  a  product 
melting  at  265-266°  (Analysis: 
C,H,N-0 :  Calculated:  N,  55.1. 
Found:  N,  55.1) .  No  depression  of 
the  melting  point  was  found  on  mix¬ 
ing  the  specimens  of  5-acetamido¬ 
tetrazole  prepared  by  the  two  differ¬ 
ent  procedures.  The  l-benzyl-5-aceta- 
midotetrazole  (X)  prepared  in  this 
investigation  had  a  melting  point  of 
108-110°  in  agreement  with  that  re¬ 
ported  by  Herbst  and  Garbrecht 
(1953). 

The  potentiometric  aqueous  titra¬ 
tions  were  carried  out  using  calomel 
and  glass  electrodes  with  a  photovolt 
direct  reading  pH  meter  and  0.1086 
N  KOH  as  titrant.  The  potentio- 
nietric  nonaqueous  titrations  were 
carried  out  in  both  dimethylforma- 
mide  and  95-100%  ethylenediamine, 
respectively.  The  apparatus  con¬ 
sisted  of  calomel-antimony  electrodes 
and  Beckman  model  112  pH  meter. 
Sodium  methoxide  (0.1170  N)  in 
benzene-methanol  mixture  was  used 
as  titrant.  In  general,  the  proce¬ 
dures  described  by  Fritz  (1952) 
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were  followed.  However,  it  was 
found  necessary  to  shield  all  elec¬ 
trode  leads  in  order  to  obtain  re¬ 
producible  readings. 


C— NHCOCH.,  Pd/C  +  H.. 

- >  V. 

■N 

X. 


stoichiometry  when  the  titration  is 
carried  out  in  dimethylformamide, 
while  a  much  steeper  potential  break 
is  obtained  (Fig.  3)  in  ethylenedia- 
mine  as  solvent. 


Results 


Figure  1  summarizes  the  potentio- 
metric  titrations  in  aqueous  medium 
for  1  -benzy  1-5  -acetamidotetr  azole 
(X)  and  5-acetamido-tetrazole  (V), 
respectively.  The  values  of  pKa 
taken  from  tlie  pH  at  the  half  neu¬ 
tralization  point  are  summarized  be- 
1  ow : 


Discussion 

The  present  investigation  lias  con¬ 
firmed  the  weak  monobasic  proper¬ 
ties  of  5-acetamidotetrazole  (V)  as 
reported  by  Herbst  and  Garbrecht 
(1953)  and  the  inability  to  detect 
potentiometrically  the  second  proton 


pKa 


Herbst  and 

This  research  Garbrecht  (1953) 


5-Acetamidotetrazole  4.49 

l-Benzyl-5-acetamidotetrazole  8.49 


4.53 

8.61 


Figures  2  and  3  summarize  the  re¬ 
sults  of  the  potentiometric  titrations 
conducted  with  5-acetamidotetrazole 
(V)  in  dimethylformamide  and 
ethylene  diamine,  respectively.  It 
will  be  noted  (Fig.  2)  that  a  very 
weak  potential  break  is  obtained  for 
the  second  proton  at  the  expected 


in  aqueous  medium.  In  extension 
of  this  work  it  has  now  been  demon¬ 
strated  that  5-acetamidotetrazole 
does  display  dibasic  acid  properties 
in  nonaqueous  media.  The  impor¬ 
tant  point  of  discussion  involves  the 
question  as  to  what  structural  fac¬ 
tors  in  5-acetamidotetrazole  are  re- 
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Fig.  1. — Potentiometric  titrations  in  aqueous  medium;  dashed 
line,  l-benzyl-5-acetamidotetrazole;  solid  line,  5-acetamidotetrazole. 


MILLILITERS  OF  STANDARD  BASE 

Fig.  2. — Potentiometric  titration  of  5-acetamidotetrazole  in  dimethylformamide 
solvent.  Upward  pointing  arrow  indicates  potential  break  at  second  proton. 
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sponsible  for  its  decreased  acidity. 
The  various  factors  which  markedly 
affect  acid  and  base  strength  have 
been  recently  described  by  Brown, 
McDaniel  and  Hafliger  (1955).  Of 
these  factors  hydrogen  bonding  re¬ 
sulting  from  internal  chelation  has 
been  shown  to  be  of  considerable  im¬ 
portance  (Brown,  et  at 1955).  It 
is  suggested  that  the  chelated  struc¬ 
tures  XI  and  XII,  requiring  both 
of  the  acidic  protons,  stabilize  the 
molecule  and  lienee  reduce  the  tend¬ 
ency  of  the  protons,  either  at  the 
equivalent  positions  1  or  4,  to  dis¬ 
sociate.  Badger  (1957)  has  shown 
that  quinoline-8-carboxylic  acid  is  a 
much  weaker  acid  than  any  of  the 
isomeric  quinoline  carboxylic  acids 
and  has  explained  this  as  due  to  in¬ 
tramolecular  hydrogen  bonding  sta¬ 
bilizing  the  undissociated  compound 

as  shown  bv  structure  XIII. 

«/ 

The  symmetry  and  equivalency  of 
structures  XI  and  XII,  in  which  the 
acidic  protons  are  at  positions  1  and 
4  should  be  noted.  The  structure 
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Fig.  3. — Potentiometric  titration  of  5-acetamidotetrazole  in 
ethylenediamine  as  solvent. 
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usually  given  in  the  literature  for 
5-aminotetrazole  is  VI  (for  example, 
see  Herbst  and  Garbrecht,  1953)  al¬ 
though  considerable  evidence  exists 
that  the  completely  symmetrical 
tetrazoline  (dihydrotetrazole)  form 
(XIV) 


C=NH 


XIV. 


more  adequately  explains  the  prop¬ 
erties  of  that  substance  (Henry, 
Finnegan  and  Lieber,  1954).  Struc¬ 
ture  XIV  may  also  be  described  as 
guanidine  which  has  been  tied  in  the 
rear  by  an  azo-linkage  (indicated 
by  the  dotted  lines)  which  exerting 
a  powerful  electron-withdrawing  ef¬ 
fect  converts  guanidine  from  a  very 
strong  base  (equivalent  to  potassium 
hydroxide)  to  an  acid.  It  is  for  this 
reason  that  the  extremely  weak  effect 
of  the  acetyl  group  in  the  5-amino 
side  chain  (XV) 

•  N-t - NH 

i  \  . - >, 

I  -  C=N-j-C(0)CH3. 

i  N-1 - NH 

b 

XV. 

requires  explanation ;  the  strong  in¬ 
ductive  effects  (pulling  in  opposite 
directions)  should  markedly  decrease 
the  electron  densities  at  positions  1 
and  4.  The  stabilization  implied  by 
the  equivalent  structures  (XI  and 
XII)  must,  accordingly,  be  a  very 
important  factor  in  reducing  the 
inductive  effects  of  the  azo-backbone 


and  acetyl-group  of  structure  XV. 
In  addition,  the  structure  XI  (or 
XII)  proposed  for  5-acetamidotetra- 
zole  produces  an  anion  (resulting 
from  the  dissociation  of  the  proton 
at  either  positions  1  or  4)  that  is 
capable  of  considerable  resonance 
stabilization,  as  shown  by  structures 
XVI  to  XVIII. 
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(Additional  resonance  forms  are  pos¬ 
sible  but  are  not  shown).  This  hy¬ 
pothesis  accounts  for  the  ability  to 
detect  readily  the  first  proton  by 
aqueous  or  nonaqueous  titrations. 

While  the  second  proton  cannot 
be  detected  in  aqueous  medium,  the 
present  investigation  has  shown  that 
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it  can  be  readily  demonstrated  in 
non-aqneoiis  media.  A  considerable 
body  of  evidence  exists  (Brown,  ct 
at.,  1955;  Fritz,  1954;  Deal  and 
Wyld,  1955)  that  the  relative 
strengths  of  two  acids  can  vary  with 
the  solvent,  presumably  by  modify¬ 
ing  the  electrical  character  and  ap¬ 
parent  inductive  effect  of  groups. 
This  investigation  has  thus  demon¬ 
strated  this  effect  for  5-acetamido- 
tetrazole  and  has  shown  that  under 
suitable  environmental  conditions 
the  second  proton  (for  example  at 
position-4  of  structure  XVI)  can 
dissociate  and  be  detected. 

It  will  be  noted  from  Figure  1  that 
the  introduction  of  a  benzyl  substitu¬ 
ent  in  position-1  of  5-acetamidotetra- 
zole  (structure  IX)  markedly  re¬ 
duces  the  acidic  properties  of  the 
compound.  l-Benzyl-5-acetamidotet- 
razole  may  be  represented  by  struc¬ 
ture  XTX. 


c6h5?H2 
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,N 
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N- 


■N 
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■H 


XIX. 


The  benzyl  radical  is  an  electron- 
donating  group  and  accordingly  in¬ 
creases  the  electron  density  at  the 
nitrogen  atom  in  position-4  (actually 
the  increased  electron  density  is  dif¬ 
fused  throughout  the  entire  ring 
structure  but  would  be  expected  to 
have  greater  electron  densities  at  the 
electronegative  atoms).  This  factor 
alone  would  be  insufficient  to  account 
for  the  very  large  decrease  in  acid 
strength.  However,  a  combination 


of  this  factor  plus  the  stabilization 
afforded  the  remaining  proton  (at 
position-4  in  structure  XIX)  offers 
a  satisfying  explanation  for  this  de¬ 
crease  in  acid  strength  of  1-benzyl- 
5-acetamidotetrazole. 


Summary 

Unequivocal  syntheses  for  1- 
benzyl  -  5  -  acetamidotetrazole  and  5  - 
acetamidotetrazole  were  carried  out 
and  the  comparative  dissociation 
quotients  determined  by  potentio- 
metric  titration  in  aqueous  medium. 
The  weak  monobasic  acid  properties 
of  these  substances  were  confirmed. 
Potent iometric  titrations  in  nonaque- 
ous  media  have  demonstrated  that 
5-acetamidotetrazole  is  a  dibasic  acid 
in  these  media,  the  second  dissociat¬ 
ing  proton  being  readily  detected  by 
this  means.  A  theory  to  account  for 
these  observations  is  presented  and 
discussed. 
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AN  ANALYSIS  OF  AGRICULTURAL  MECHANIZATION 
IN  THE  CHUKUROVA  (TURKEY) 

JOHN  HILTNER 

Bowling  Green  State  University,  Bowling  Green,  Ohio 


Twenty-five  years  ago  when  Dr. 
John  Morrison  investigated  the  rural 
occnpance  in  the  central  Anatolian 
village  of  Alishar  lie  found  that  the 
farmers  were  not  utilizing  mechan¬ 
ized  farm  equipment  such  as  trac¬ 
tors,  tractor-drawn  plows,  harves¬ 
ters,  combines,  and  seed  drills  (Mor¬ 
rison,  1938).  Instead  they  were  us¬ 
ing  simple  wooden  plows  and  hand 
rakes  in  much  the  same  manner  as 
their  ancestors  had  for  centuries. 
Conditions  similar  to  those  at  Ali- 
sliar  were  common  throughout  much 
of  Turkey.  Only  in  the  western  and 
southern  valleys  of  Anatolia  were  a 
few  of  the  farmers  utilizing  modern 
mechanized  farm  equipment. 

The  mechanization  of  agriculture 
in  Turkey  jiroceedecl  at  an  extremely 
slow  pace  until  the  end  of  the  Sec¬ 
ond  World  War.  In  1944  less  than 
1,000  tractors  were  in  operation  in 
the  country  (Brandow,  1953:  22). 
The  number  of  tractor-drawn  plows 
was  even  less.  In  contrast  there 
were  well  over  a  million  wooden 
plows  in  use  in  the  country.  Since 
1944,  however,  the  amount  of  mech¬ 
anized  farm  equipment  in  Turkey 
has  increased  spectacularly.  The 
number  of  tractors  increased  to  al¬ 
most  10,000  in  1950,  to  more  than 
31,000  in  1952,  to  nearly  38,000  in 
1954,  and  to  more  than  40,000  a 
year  later  (Turkish  Republic,  1957). 
The  numbers  of  most  other  types  of 
mechanized  farm  equipment  also  in¬ 
creased  rapidly. 


However,  the  mechanization  of  ag¬ 
riculture  has  not  occurred  through¬ 
out  all  of  Turkey.  It  has  been  con¬ 
fined  largely  to  the  wheat  lands  of 
Konya  and  Ankara  provinces,  and 
to  the  cotton-producing  areas  in  the 
Chukurova,  a  deltaic  lowland  on  the 
country’s  Mediterranean  coast,  and 
in  the  river  valleys  of  Aydin,  Ma- 
nisa,  and  Izmir  provinces. 

This  paper  is  an  analysis  of  the 
mechanization  of  agriculture  in  one 
of  these  areas,  the  Chukurova.  Three 
points  are  considered:  1)  the  dis¬ 
tribution  of  mechanized  farm  equip¬ 
ment  within  the  area;  2)  the  factors 
present  which  might  account  for  the 
presence  of  mechanized  farm  equip¬ 
ment  ;  and  3)  the  results  of  agricul¬ 
tural  mechanization  in  the  Chuku¬ 
rova. 

Distribution  of  Mechanized 
Farm  Equipment 

The  tractor  and  the  tractor-drawn 
plow  are  the  two  most  widely  util¬ 
ized  types  of  farm  equipment  in  the 
Chukurova.  These  two  pieces  of 
equipment  are  used  to  prepare  the 
fields  for  planting  and  to  cultivate 
the  growing  cotton,  sesame,  and  cere¬ 
als.  The  tractor  hauls  farm  produce 
to  market,  provides  motive  power 
for  construction  projects,  and  serves 
as  a  means  of  transportation  for 
rural  families. 

Although  tractors  and  tractor- 
drawn  plows  are  found  in  all  parts 
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of  the  area,  they  are  most  highly 
concentrated  in  the  vicinities  of 
three  of  the  Chukurova’s  major  ci¬ 
ties — Adana,  Tarsus,  and  Ceyhan 
(Fig.  1).  The  Adana  concentration, 
which  contained  nearly  half  of  the 
Chukurova’s  tractors  and  tractor- 
drawn  plows  in  1950,  is  to  a  large 
degree  correspondent  with  the  most 
important  cotton-growing  area  in 
the  Chukurova.  Here  tractors  can 
be  found  in  nearly  every  village  and 
on  all  of  the  large  estates.  Associated 
with  this  concentration  of  tractors 
and  tractor-drawn  plows  is  a  variety 
of  other  types  of  farm  equipment 
such  as  cotton  planters,  discs,  seed 
cleaners,  and  grain-harvesting  ma¬ 
chines. 


A  second  area  of  concentration  lies 
directly  to  the  west  of  Adana.  This 
area,  which  centers  on  the  city  of 
Tarsus,  is  a  market-gardening  and 
rice-growing  area,  as  well  as  a  ma¬ 
jor  producer  of  cotton.  Here,  as  in 
the  vicinity  of  Adana,  at  least  one 

tractor  can  be  found  in  almost  every 

«/ 

village,  and  nearly  all  the  larger  es¬ 
tates  are  mechanized. 

In  the  Ceyhan  area,  to  the  north 
and  east  of  Adana,  is  a  third  concen¬ 
tration  of  mechanized  farm  equip¬ 
ment.  In  this  area,  unlike  the  other 
two,  cereals  are  of  major  importance 
although  cotton  is  still  grown  exten¬ 
sive^.  As  a  result  of  this  greater 
importance  of  cereals,  there  are 
more  combines,  threshing  machines, 


Figure  1. 
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and  binders  around  Ceyhan  than  in 
any  other  part  of  the  Clmkurova. 

There  is  much  less  mechanized 
farm  equipment  outside  these  three 
areas.  Reduced  size  and  fragmenta¬ 
tion  of  land  holdings,  prevalent  in 
these  areas,  eliminate  many  of  the 
advantages  of  mechanization  and 
only  the  most  prosperous  farmers 
can  afford  expensive  farm  equip¬ 
ment. 

Between  1950  and  1955  the  amount 
of  mechanized  farm  equipment  in¬ 
creased  rapidly  in  the  Chulmrova. 
The  number  of  tractors  increased  by 
250%.  In  the  vicinity  of  Ceyhan 
and  in  the  lowland  areas  to  the  north 
and  east  of  Ceyhan,  the  increase  in 
the  number  of  tractors  was  especi¬ 
ally  rapid.  The  number  of  tractors 
in  the  Tarsus  area  and  immediately 
to  the  west  of  it  around  the  city  of 
Mersin  also  increased.  In  the  vicin¬ 
ity  of  Adana  an  increased  number 
of  tractors  was  noted,  although  this 
increase  was  proportionally  less 
than  that  in  either  the  Ceyhan  or 
Tarsus  areas.  The  total  numbers  of 
several  other  types  of  mechanized 
equipment  also  increased  during  the 
same  period. 

Since  1955  the  amount  of  mech¬ 
anized  equipment  has  remained 
nearly  constant.  This  is  in  large 
part  due  to  the  rigid  import  and  for¬ 
eign  exchange  controls  imposed  by 
the  government  on  both  new  equip¬ 
ment  and  replacement  parts.  How¬ 
ever,  it  is  also  a  result  of  the  satura¬ 
tion  of  the  farm  machinery  market 
and  a  more  complete  and  economical 
utilization  of  the  available  farm 
equipment. 

Although  the  total  amount  of 
mechanized  agricultural  equipment 
has  increased  rapidly  in  the  Chn- 
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kurova  since  the  Second  World  War, 
the  expansion  lias  not  been  uniform. 
The  increased  number  of  tractors 
has  not  been  accompanied  by  an  in¬ 
creased  number  of  certain  types  of 
cultivating  equipment.  The  planting 
of  both  cotton  and  cereals  is,  in  most 
sections  of  the  Clmkurova,  still  done 
by  hand  and  there  are  only  a  few 
mechanized  cotton  pickers.  In  addi¬ 
tion,  the  supply  of  replacement  parts 
and  repair  facilities  for  existing 
farm  machinery  is  far  below  de¬ 
mand. 

Factors  Conducive  to  the 
Mechanization  of 
Agriculture 

Agricultural  mechanization  has  oc¬ 
curred  extensively  in  these  three 
sections  of  the  Clmkurova  as  a  re¬ 
sult  of  a  number  of  factors.  The 
three  areas  are  all  lowlands  with 
very  slight  local  relief.  As  a  result 
there  are  few  barriers  to  the  move¬ 
ment  of  farm  equipment.  In  contrast 
the  local  relief  is  much  greater  in 
other  parts  of  the  Clmkurova  and 
the  utilization  of  many  types  of 
equipment  is  impossible. 

The  larger  sized  land-holdings  in 
these  three  areas  have  been  an  added 
incentive  for  mechanization.  Most 
farmers  who  operate  farms  larger 
than  40  acres  find  that  they  cannot 
effectively  farm  with  a  water  buf¬ 
falo,  a  wooden  plow,  and  a  hand 
rake.  In  contrast,  outside  these  three 
areas  the  mean  size  of  farms  is  less 
and  mechanized  equipment  is  gener¬ 
al  Iv  not  needed  by  the  farmer. 

A  third  incentive  to  mechanize  has 
been  the  increased  commercializa¬ 
tion  of  the  Clmkurova ’s  agricultural 
economy.  A  market,  both  in  the  Clin- 
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kurova’s  cities  and  in  other  parts 
of  Turkey,  has  developed  for  some 
of  the  area’s  agricultural  produce. 
The  demand  for  cotton,  wheat,  and 
rice  has  been  especially  great.  Since 
farmers  have  been  successful  in  mar¬ 
keting  more,  an  increasing  amount 
of  capital  has  been  injected  into  the 
agricultural  economy,  and  the  pur¬ 
chase  of  mechanized  farm  equipment 
has  been  possible.  Where  the  market¬ 
ing  of  agricultural  produce  is  less 
successful  there  has  been  far  less 
agricultural  mechanization. 

Results  of  Mechanization 

The  results  of  agricultural  mech¬ 
anization  in  the  Chukurova  have  been 
numerous.  The  amount  of  land  un¬ 
der  cultivation  has  increased  slightly 
since  the  Second  World  War,  and 
the  amount  left  fallow  or  in  pasture 
has  declined.  Cotton  lias  increased 
in  importance.  The  area  planted  in 
cereals,  except  wheat  and  rice,  has 
decreased.  The  mean  yield  of  several 
crops  has  increased  and  generally 
the  quality  and  marketability  have 
improved. 

In  the  cities  the  effects  of  mechani¬ 
zation  can  also  be  noted.  Surplus 
farm  population  has  been  driven  in¬ 
to  the  cities,  particularly  Adana,  by 
labor  efficiencies  effected  by  mechan¬ 
ization  and  shifts  in  the  organization 
of  land  holding.  This  growth  of 
urban  population  has  stimulated  in¬ 
dustrial  development  and  has  fur¬ 
ther  enlarged  the  market  for  agri¬ 
cultural  produce.  Finally,  retail  es¬ 
tablishments,  especially  service  sta¬ 
tions,  automotive  repair  shops,  and 
implement  dealers,  have  sprung  up 
on  the  outskirts  of  the  Chukurova ’s 
towns  and  cities. 


Summary 

The  mechanization  of  agriculture, 
which  has  consisted  chiefly  of  an 
increase  in  the  numbers  of  tractors 
and  tractor-drawn  plows,  lias  been 
largely  confined  to  three  sections  of 
the  Chukurova. 

The  factors  which  have  stimulated 
agricultural  mechanization  are  the 
slight  local  relief  and  the  lack  of 
major  barriers  to  the  movement  of 
agricultural  equipment,  the  larger 
sized  land-holding,  and  the  commer¬ 
cialization  of  the  agricultural  econ¬ 
omy. 

Agricultural  mechanization  has 
contributed  to  a  shift  of  the  crop 
pattern  in  the  three  areas.  It  has  also 
contributed  to  a  rapid  growth  of 
population  and  industry  in  the  Chu¬ 
kurova ’s  cities,  and  has  further 
stimulated  the  demand  for  the  area ’s 
agricultural  produce. 
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FURTHER  STUDIES  OF  EIME1UA  (PROTOZOA: 
EIMERIIDAE)  FROM  MEXICAN  RODENTS 

VIRGINIA  IVENS,  FRANCIS  J.  KRUIDEN IER,  and  NORMAN  D.  LEVINE 

University  of  Illinois,  Urlana 


Materials  and  Methods 

During  the  summer  of  1957  a  col¬ 
lecting  expedition  to  Mexico  was 
made  by  David  L.  Langebartel,  De¬ 
partment  of  Zoology,  University  of 
Illinois,  and  Joseph  C.  Schaffner 
and  Richard  Widdows  of  the  De¬ 
partment  of  Zoology  and  Entomol¬ 
ogy,  Iowa  State  College,  Ames,  Io¬ 
wa.  Among  the  specimens  they  col¬ 
lected  were  7  bats  and  28  rodents. 
Mr.  Langebartel  obtained  fecal  sam¬ 
ples  from  these  specimens,  placed 
them  in  2.5%  potassium  bichromate 
solution,  and  brought  them  back  to 
Urbana  for  examination. 

Each  sample  was  mixed  thorough¬ 
ly,  placed  in  a  thin  layer  in  a  Petri 
dish  at  room  temperature  for  a 
week  to  sporulate,  and  stored  in  a 
refrigerator.  The  samples  were  ex¬ 
amined  microscopically  after  sugar 
flotation,  using  a  Leitz  Ortholux  mi¬ 
croscope  with  apochromatic  objec¬ 
tives. 

No  coccidia  were  found  in  the 
bats,  but  three  new  species  of  Eimer- 
ia  and  two  previously  described  ones 
were  found  in  the  rodents. 

Numbers  given  with  host  designa¬ 
tions  below  are  those  of  host  animals 
preserved  in  the  University  of  Illi¬ 
nois  Natural  History  Museum. 

We  should  like  to  express  our  ap¬ 
preciation  to  Messrs.  Langebartel, 
Schaffner  and  Widdows  for  speci¬ 
mens  and  to  Dr.  Donald  F.  Hoff- 
meister,  Director  of  the  Museum,  for 
final  identifications  of  the  hosts. 


Results 

Eimeria  hoffmeisteri,  Levine,  Ivens 
and  Kruidenier,  1958 

This  species  was  originally  de¬ 
scribed  from  Citellus  s.  spilosoma 
(Bennett,  1833)  Allen,  1904,  from 
Rincon  de  Romos,  Aguascalientes, 
Mexico.  In  the  present  survey  it 
was  found  in  the  intestinal  contents 
of  a  single  C.  spilosoma  (U.  Til.  Mus. 
No.  16,447)  trapped  28  miles  south 
of  Barenda,  Chihuahua,  Mexico. 
Twenty -nine  sporulated  oocysts 
measured  17  to  23  by  16  to  19  mi¬ 
crons,  with  a  mean  of  19.9  by  17.2 
microns.  Their  length-width  ratios 
ranged  from  1.0  to  1.3,  with  a  mean 
of  1.14. 

Very  slight  differences  in  the  ap¬ 
pearance  of  the  sporocyst  residual 
material  and  Stieda  body  were  noted 
between  the  oocysts  found  in  the 
present  (Fig.  1)  and  previous  stu¬ 
dies  (Levine,  Ivens  and  Kruidenier, 
1958).  However,  these  were  not  great 
enough  to  justify  the  establishment 
of  a  new  species. 

Eimeria  liomysis  Levine,  Ivens 
and  Kruidenier,  1958 

This  species  was  originally  de¬ 
scribed  from  the  painted  spiny  pock¬ 
et  mouse,  Liomys  pictus  (Thomas, 
1893)  Goldman,  1911,  from  Copala, 
Sinaloa,  Mexico,  and  from  L.  irrora- 
tus  (Gray,  1868)  Goldman,  1911, 
from  Guadalajara,  Jalisco,  Mexico. 
In  the  present  survey  it  was  found 
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Living,  unstained  oocysts.  xl350.  Fig. 
1. —  Eimeria  hoffmeisteri  from  Gitellus 
spilosoma;  Fig.  2  —Eimeria  penicillati 
n.  sp.  from  Perognatlius  penicillatus ; 
Fig.  3. — Eimeria  davisi  n.  sp.  from  Neo- 
toma  albigula ;  Fig  4. — Eimeria  lange- 
barteli  n.  sp.  from  Peromyscus  boylii. 


in  the  intestinal  contents  of  a  Lio- 
mys  p ictus  trapped  14  miles  south 
of  Acaponeta,  Nayarit,  Mexico  (U. 
Ill.  Mns.  No.  16,454)  and  of  another 
L.  pictus  trapped  34  miles  north  of 
Mazatlan,  Sinaloa,  Mexico  (U.  Ill. 
Mns.  No.  16,451).  Eight  sporulated 
oocysts  from  the  two  animals  meas¬ 
ured  18  to  23  by  17  to  21  microns, 
with  a  mean  of  20.8  by  19.1  microns ; 
length-width  ratios  ranged  from  1.0 
to  1.1,  with  a  mean  of  1.07. 

Eimeria  penicillati  n.  sp. 

Description:  Oocysts  (Fig.  2)  sub- 
spherical,  ellipsoidal  or  slightly 
ovoid.  Oocyst  wall  pale  brownish 


yellow  or  tan,  smooth,  composed  of 
single  layer  (confirmed  by  breaking 
oocyst)  about  0.6  microns  thick.  Mi- 
cropyle  absent.  Six  sporulated 
oocysts  from  type  host  measured  16 
to  20  by  14  to  16  microns,  with  mean 
of  17.8  by  14.7  microns ;  length- 
width  ratios  ranged  from  1.1  to  1.3, 
with  mean  of  1.18.  Sporulated 
oocysts  contain  four  broadly  lemon¬ 
shaped  sporocysts  measuring  9  by  7 
microns  with  length-width  ratio  of 
1.33.  Stieda  body  small,  rounded. 
Oocyst  residuum  composed  of  one 
to  several  large,  clear  globules.  Po¬ 
lar  granule  present.  Sporocyst  re¬ 
siduum  composed  of  number  of  large 
granules.  Sporozoites  oriented  more 
or  less  lengthwise  in  sporocysts. 

Three  oocysts  from  Perognatlius 
flavus  measured  17  to  20  by  15  to 
19  microns.  They  differed  from  those 
from  P.  penicillatus  only  in  having 
either  one  or  two  polar  granules  in¬ 
stead  of  a  single  one.  This  difference 
does  not  appear  sufficient  to  warrant 
establishing  a  separate  new  species. 

Type  host:  Perognatlius  penicilla¬ 
tus  Woodhouse,  1852  (U.  Ill.  Mus. 
No.  16,456)  (pocket  mouse) ,  trapped 
8.5  miles  northwest  of  Colonia  Oax¬ 
aca,  Sonora,  Mexico. 

Additional  host:  Perognatlius  fla¬ 
vus  Baird,  1855  (U.  Ill.  Mus.  No. 
16,458)  (pocket  mouse),  trapped  45 
miles  north  of  Casas  Grandes,  Chi¬ 
huahua,  Mexico. 

Location:  Intestinal  contents. 

Locality:  Mexico  ( vide  supra). 

Remarks:  The  only  other  species 
of  Eimeria  which  has  been  described 
from  Perognatlius  is  E.  perognathi 
Levine,  Ivens  and  Kruidenier,  1957, 
from  P.  intermedins  Merriam,  1889, 
in  Arizona.  E.  penicillati  differs 
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from  E.  perognathi  in  having  a 
smooth,  thinner  oocyst  wall  and 
oocyst  polar  granules.  Its  oocysts 
are  somewhat  broader ;  its  sporo- 
cysts  are  distinctly  larger;  its  Stieda 
body  is  rounded  and  protuberant 
rather  than  flattened.  E.  penicillati 
also  differs  significantly  from  the 
species  of  Eimeria  which  have  been 
described  from  the  rodent  genera 
Dipodomys  and  Liomys,  both  of 
which  belong  to  the  same  family, 
Ileteromyidae,  to  which  Perogna- 
thus  belongs. 

Eimeria  davisi  n.  sp. 

Description:  Oocysts  (Fig.  3)  sub- 
spherical  to  ellipsoidal.  Oocyst  wall 
composed  of  two  layers — outer  one 
colorless  to  pale  brownish  yellow, 
smooth  to  slightly  roughened,  about 
1.2  to  1.3  microns  thick,  and  inner 
one  pale  brownish  to  brownish,  about 
0.4  to  0.5  microns  thick ;  layers  can 
be  separated  by  crushing  oocyst. 
Micropyle  absent.  Fifty-eight  sporn- 
lated  oocysts  measured  22  to  32  by 
21  to  24  microns,  with  mean  of  27.6 
by  22.8  microns;  length-width  ratios 
ranged  from  1.1  to  1.4,  with  mean 
of  1.21.  Sporulated  oocysts  contain 
4  ovoid  sporocysts ;  23  sporocysts 
measured  10  to  12  by  7  to  9  microns, 
with  mean  of  11.1  by  8.3  microns; 
length-width  ratios  ranged  from  1.1 
to  1.6,  with  mean  of  1.36.  Oocyst 
polar  granule  present.  Oocyst  re¬ 
siduum  composed  of  one  to  many 
clear  globules  up  to  9  microns  or 
more  in  diameter;  among  38  oocysts 
in  which  this  feature  was  recorded, 
there  was  one  globule  in  30,  2  to  3 
in  7,  and  many  small  ones  in  one 
oocyst.  Sporocyst  Stieda  body  me¬ 
dium-sized.  Scattered  residual  gran¬ 


ules  usually  present  in  sporocyst. 
Sporozoites  lie  lengthwise  in  sporo¬ 
cysts. 

Host:  Ncotoma  albigula  Hartley, 
1894  (U.  111.  Mus.  No.  16,472) 
(white-throated  wood  rat). 

Location:  Intestinal  contents. 

Locality:  Found  in  one  of  5  N. 
albigula  trapped  23  miles  southeast 
of  Agua  Prieta,  Sonora,  Mexico. 

Remarks:  Four  species  of  Eimeria 
have  been  described  from  Neotoma. 
E.  neotornae  Henry,  1932,  and  E. 
residua  Henry,  1932,  were  described 
from  N.  fuscipes  Baird,  1858,  in 
California.  E.  albigulae  Levine,  Iv- 
ens  and  Kruidenier,  1957,  was  de¬ 
scribed  from  N .  albigula  in  Arizona, 
and  E.  operculata  Levine,  Ivens  and 
Kruidenier,  19  57,  was  described 
from  N.  s.  stephensi  Goldman,  1905, 
in  Arizona.  E.  davisi  differs  from 
E.  neotornae  in  having  two-layered 
wall,  oocyst  residuum  and  Stieda 
body,  and  in  lacking  micropyle ;  it 
has  larger  oocysts  and  sporocysts. 
It  differs  from  E.  residua  in  having 
smoother,  paler  outer  oocyst  wall 
and  darker  inner  oocyst  wall.  It 
differs  from  E.  operculata  in  lacking 
operculum,  in  having  two-layered 
rather  than  single-layered  oocyst 
wall,  and  in  having  polar  granule, 
oocyst  residuum,  sporocyst  residu¬ 
um,  and  Stieda  body.  It  differs  from 
E.  albigulae  in  having  smoother 
oocyst  walls  and  in  that  its  sporo¬ 
zoites  lie  lengthwise  in  the  sporo¬ 
cysts  instead  of  at  the  ends.  Tins 
difference  in  sporozoite  location  was 
constant  in  41  E.  albigulae  and  58 
E.  davisi  oocysts  studied.  E.  davisi 
also  resembles  E.  eremici  Levine, 
Ivens  and  Kruidenier,  1957,  but  dif¬ 
fers  in  the  shape  of  the  sporocyst 
and  Stieda  body. 
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This  species  is  named  in  honor  of 
Dr.  Wayne  H.  Davis,  University  of 
Minnesota,  St.  Paul,  Minnesota. 

Eimeria  lang chart eli  n.  sp. 

Description :  Oocysts  (Fig.  4) 
el  on  gate  ellipsoidal.  0  o  cyst  wai  i 
smooth,  pale  yellowish,  composed  of 
single  layer  about  0.8  microns  thick. 
Micropyle  absent.  Fifteen  sporn- 
latecl  oocysts  from  two  host  animals 
measured  20  to  23  by  13  to  14  mi¬ 
crons,  with  mean  of  21.0  by  13.6 
microns ;  length-width  ratios  ranged 
from  1.4  to  1.7,  with  mean  of  1.55. 
Sporulated  oocysts  contain  4  thin- 
walled,  elongate  ellipsoidal  sporo- 
cysts ;  10  sporocysts  measured  8  to  10 
by  5  to  6  microns,  with  mean  of  9.4 
by  5.3  microns;  length-width  ratios 
ranged  from  1.6  to  2.0  witli  mean  of 
1.78.  Stieda  body  small.  Oocyst  polar 
granule  present.  Oocyst  residuum 
absent.  Sporozoites  elongate,  curled 
inside  sporocysts,  with  many  small 
granules  so  closely  adherent  to  spor¬ 
ozoites  that  it  was  not  possible  to  be 
sure  whether  they  were  inside  or 
outside  the  sporozoite  membrane. 
Hence  presence  of  true  sporocyst 
residual  material  was  not  definitely 
established. 

Host:  Peromyscus  boylii  (Baird, 
1855)  Mearns,  1896  (U.  Ill.  Mus. 
Nos.  16,467  and  16,469)  (deer 
mouse) . 

Location:  Intestinal  contents. 

Locality:  This  species  was  found 
in  2  of  4  P.  boylii  trapped  15  miles 
west  of  Cuauhtemoc,  Chihuahua, 
Mexico. 

Remarks:  Three  species  of  Einier- 
ia  have  been  described  from  Pero¬ 
myscus.  E.  peromysci  Levine,  Ivens 


and  Krnidenier,  1957,  and  E.  ari- 
zonensis  Levine,  Ivens  and  Ivruide- 
nier,  1957,  were  described  from  P. 
t.  truei  (Shulfeldt,  1885)  Thomas, 
1894  in  Arizona,  and  E.  eremici 
Levine,  Ivens  and  Krnidenier,  1957, 
was  described  from  P.  e.  eremicus 
(Baird,  1858)  Allen,  1895,  from  Ari¬ 
zona.  E.  langebarteli  differs  from  E. 
peromysci  in  having  smooth  oocyst 
wall  composed  of  single  layer  rather 
than  rough,  two-layered  one,  in  lack¬ 
ing  oocyst  residuum,  in  character  of 
sporocyst  residual  granules,  and  in 
having  smaller  oocysts  and  sporo 
cysts.  It  differs  from  E.  arizonensis 
in  having  more  elongate  oocysts,  in 
lacking  oocyst  residuum,  in  charac¬ 
ter  of  sporocyst  residual  granules, 
and  in  size  and  shape  of  sporocysts. 
It  differs  from  E.  eremici  in  having- 
oocyst  wall  composed  of  single  rather 
than  double  layer,  in  lacking  oocyst 
residuum,  in  character  of  sporocyst 
residual  granules,  and  in  shape  and 
size  of  oocyst  and  sporocyst. 

Summary 

In  a  survey  of  28  rodents  of  9 
species  and  7  bats  of  2  species  from 
Mexico,  the  following  new  species 
of  Eimeria  were  found  and  de¬ 
scribed  :  E.  penicillati  from  the 
pocket  mice,  Perognathns  penicilla¬ 
tus  and  P.  flavus ;  E.  clavisi  from 
the  white-throated  wood  rat,  Neo- 
toma  albigula ;  and  E.  langebarteli 
from  the  deer  mouse,  Peromyscus 
boylii.  In  addition,  E.  hoffmeisteri 
was  found  in  the  spotted  ground 
squirrel,  C it  ell  us  spilosoma,  and  E. 
liomysis  in  the  painted  spiny  pocket 
mouse,  TAomys  pic  t  us.  This  raises 
to  nine  the  number  of  species  of 
Eimeria  which  have  been  described 


Eimeria  from  Mexican  Rodents 


o  / 


from  Mexican  rodents.  It  raises  to 
37  the  number  of  species  of  North 
American  rodents  from  which  Eimer¬ 
ia  has  been  described,  and  to  59 
the  number  of  Eimeria  species  oc¬ 
curring  in  them. 
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Introduction 

In  recent  years  information  on 
cultural  change  on  the  northwest 
coast  of  North  America  has  in¬ 
creased  both  in  quantity  and  in  qual¬ 
ity.  This  has  resulted  from  the  fact 
that  anthropologists  have  been  giv¬ 
ing  more  attention  to  problems  of 
this  type  and  from  the  fact  that 
enough  time  has  now  elapsed  to  be¬ 
gin  to  evaluate  the  effects  of  some 
of  the  changes  which  were  intro¬ 
duced  into  this  area  during  the  19th 
century. 

The  area  referred  to  is  the  Pa¬ 
cific  Coast  of  North  America,  ex¬ 
tending  continuously  from  Trinidad 
Bay  in  northern  California  to  Yaku- 
tat  Bay  in  Alaska.  The  eastern 
boundary  of  the  area  is  the  range  of 
mountains  usually  referred  to  as  the 
Coast  Range,  of  which  the  Cascades 
in  Washington  and  Oregon  are  a 
part.  This  area  is  characterized  by 
an  abundance  of  forest  growth  and 
a  bountiful  marine  life. 

When  the  early  inhabitants  were 
first  contacted  by  representatives  of 
western  civilization  they  impressed 
one  and  all  with  the  distinct  and 
unique  nature  of  the  culture  which 
they  had  erected  on  the  basis  of  their 
two  most  prominent  resources.  De¬ 
spite  the  diversity  of  language  and 
social  organization,  the  culture  was 
remarkably  uniform  for  the  length 
and  breadth  of  the  coast.  The  most 
uniform  characteristics  of  the  cul¬ 
ture  were :  canoe  transport,  large 
plank  houses,  “lineage-local  group 


sociological  units,  rank-wealth  corre¬ 
lation  defining  status,  emphasis  on 
individual  status  in  social  affairs, 
slavery,  and  elaboration  of  ceremoni¬ 
alism”  (Drncker,  1955:186).  These 
characteristics  were  further  elabor¬ 
ated  as  a  result  of  the  first  contacts 
with  western  culture.  For  example, 
the  introduction  of  iron  tools  in  the 
northern  part  of  the  area  led  to  a 
virtual  proliferation  of  the  famous 
totem  poles. 

It  is  to  this  northern  part  of  the 
northwest  coast  that  attention  is  di¬ 
rected  in  considering  three  individ¬ 
uals  who  are  reputed  to  have  been 
extremely  effective  in  initiating  cul¬ 
tural  change.  These  individuals  acted 
at  different  times  and  in  different 
places  yet  they  had  many  similar 
characteristics.  Each  was  a  mission¬ 
ary,  although  of  different  religious 
persuasion.  In  the  following  discus¬ 
sion  emphasis  will  be  placed  on  the 
methods  that  each  used,  the  results 
of  these  methods,  and  the  attitudes 
of  the  people  in  the  communities 
concerned  toward  each  of  the  mis¬ 
sionaries. 

Discussion 

William  Duncan,  an  English  clerk, 
was  sent  to  the  northwest  coast  in 
1857  by  the  Church  Missionary  So¬ 
ciety  as  a  lav  missionary  of  the 
Church  of  England.  His  formidable 
task  was  to  convert  the  Tsimshian 
Indians  to  Christianity.  When  he 
arrived  at  Fort  Simpson  he  found  it 
to  be  a  trading  post  of  the  Hudson’s 
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Bay  Company  situated  in  the  midst 
of  240  native  houses.  The  post  had 
the  air  and  appearance  of  a  fortress, 
and  relations  between  the  whites  and 
Indians  were  in  the  nature  of  an 
armed  truce.  Duncan’s  first  step 
was  to  retire  into  the  post  and  learn 
the  Tsimshian  language.  In  doing  so 
he  was  aided  by  Clah,  a  Tsimshian 
youth  employed  as  a  cook’s  helper 
within  the  fort.  Clah’s  knowledge  of 
Tsimshian  culture  proved  of  inestim¬ 
able  worth  to  Duncan  in  all  of  his 
subsequent  actions.  After  eight 
months  of  study  Duncan  gained 
prestige  by  delivering  his  first  ser¬ 
mon  in  the  house  of  one  of  the  Tsim¬ 
shian  chiefs.  Subsequently,  however, 
he  concentrated  his  preaching  ef¬ 
forts  on  the  younger  and  generally 
less  conservative  members  of  the 
community.  He  built  a  schoolhouse 
and  began  to  gather  around  him  a 
nucleus  of  young  men,  including 
some  aristocrats. 

After  five  years  of  work,  Duncan 
concluded  that  his  efforts  would  be 
more  fruitful  if  he  could  remove  his 
50  converts  from  the  vicinity  of 
Fort  Simpson  where  Tsimshian  cul¬ 
ture  was  flourishing  wildly.  Conse¬ 
quently,  he  led  his  followers  to  a 
new  village  site,  called  Metlakatla, 
located  17  miles  south  of  the  old  one. 
Members  of  the  new  community  were 
bound  by  a  pledge  formulated  by 
Duncan  which  set  forth  the  follow¬ 
ing  conditions : 

1.  To  give  up  secret  cult  practices. 

2.  To  cease  calling  in  medicine  men 
when  sick. 

3.  To  cease  gambling. 

4.  To  cease  giving  away  property  for 
display  (the  potlatch). 

5.  To  cease  painting  their  faces. 

(1.  To  cease  indulging  in  intoxicating 
drinks. 

7.  To  rest  on  the  Sabbath. 


8.  To  attend  religious  instruction. 

9.  To  send  children  to  school. 

10.  To  be  cleanly. 

11.  To  be  industrious. 

12.  To  be  peaceful. 

13.  To  be  liberal  and  honest  in  trade 

14.  To  build  neat  houses. 

15.  To  pay  the  village  tax. 

In  a  word,  “  Metlakatla  was  to 
conform  to  the  best  standards  of 
contemporary  European  culture” 
(Barnett,  1942:23).  In  addition, 
Duncan  was  now  able  to  control  the 
influence  of  the  unregenerated  rela¬ 
tives  of  his  little  flock.  He  empha¬ 
sized  the  importance  of  the  nuclear 
family  by  making  it  the  primary 
unit  and  seeing  to  it  that  nuclear 
family  dwellings  replaced  the  old 
long  houses  which  had  contained  the 
extended  family  of  30  to  50  indi¬ 
viduals.  He  tackled  the  economic 
problem  by  setting  economic  self- 
sufficiency  as  an  early  goal  for  the 
village  as  a  whole.  Eventually  the 
village  boasted  a  sawmill,  a  boat,  a 
store,  a  fish  cannery,  police  and  fire 
departments,  and  a  musical  band. 
The  population  was  trained  in  handi¬ 
crafts,  new  arts,  and  technical  skills, 
and  a  comparison  of  Metlakatla  with 
Fort  Simpson  indicates  that  the  for¬ 
mer  by  1870  was  “a  homogeneous 
community  while  the  latter  was  char- 
acterized  by  a  multiplicity  of  con¬ 
flicting  aims,  interests  and  passions 
which  continued  on  as  disintegrat¬ 
ing  forces”  (Barnett,  1942:29).  Dif¬ 
ficulties  with  church  and  state  re¬ 
sulted  in  Metlakatla  being  moved  to 
Annette  Island  in  1877.  Here,  too, 
Duncan  came  in  conflict  with  the 
IT.  S.  Bureau  of  Education,  and  in 
1914  he  saw  the  community  pass 
into  the  hands  of  secular  authorities. 
Duncan  died  in  1918  and  left  a  leg¬ 
acy  of  adoration  and  bitterness. 
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Father  Durieu  was  a  Catholic 
priest  whose  field  of  endeavor  was 
the  Salish  speaking  tribes  of  the 
Gulf  of  Georgia  (Homalthko,  Tla- 
lioose,  Sliammon,  and  Seschelt).  In 
1860  two  priests  who  attempted  to 
work  among  these  Gulf  Salish  were 
driven  away,  but  two  years  later  an 
Indian  delegation  went  to  New  AVest- 
minister  and  begged  the  Oblate 
Fathers  to  build  a  mission  for  their 
people.  The  first  mission  was  estab¬ 
lished  among  the  Seschelt,  and  the 
individual  who  was  to  provide  the 
pattern  for  the  future  conversion  of 
the  other  Gulf  Salish  was  Father 
Durieu.  In  1868  he  brought  all  of 
the  tribes  of  the  Seschelt  together 
at  Seschelt  Peninsula.  Here  he  estab¬ 
lished  a  theocratic  community  con¬ 
sisting  of  a  church  and  a  number  of 
small  nuclear  family  dwellings.  His 
method  was  to  rule  through  the  ex¬ 
isting  chiefs,  always  reserving  the 
right  to  pass  on  judgements  ren¬ 
dered  by  them.  Like  Duncan  he  stip¬ 
ulated  certain  requirements  that 
were  binding  upon  all  of  his  charges 
(Lemert,  1954:24). 

1.  The  Indians  must  give  lip  all  primi¬ 
tive  dances. 

2.  They  must  give  up  the  potlatch. 

3.  They  must  cease  all  patronage  of 
the  shaman. 

4.  They  must  give  up  gambling  and 
intoxicants. 

AVlien  civil  authority  was  incap¬ 
able  of  carrying  out  enforcement  of 
sanctions,  Durieu  stepped  in  and  en¬ 
forced  them  himself.  Flogging  was 
utilized  along  with  the  threat  of  ex¬ 
communication  and  public  shame. 
The  positive  aspects  of  the  new  cul¬ 
ture  were  the  encouragement  which 
the  priests  gave  to  the  building  and 
care  of  small  homes,  the  planting  of 
gardens  and  orchards,  and  later  the 


construction  of  water  and  lighting 
plants.  In  contrast  to  Duncan  who 
deliberately  played  down  the  ritual 
and  ceremonial  content  of  his  re¬ 
ligion,  Father  Durieu  emphasized 
the  necessity  of  introducing  Catho¬ 
lic  ceremony  and  ritual  into  the  new 
community,  specifically  to  “  capital¬ 
ize  on  the  Indians’  love  of  display” 
(Lemert,  1954  :25) . 

In  terms  of  what  he  set  out  to 
do  Durieu  was  successful.  He  Chris¬ 
tianized  the  Indians,  and  their  old 
culture  gave  way.  Yet  by  1910  the 
social-political  system  which  he  had 
set  up  had  broken  down.  As  the 
authority  of  the  chiefs  was  under¬ 
mined  by  the  jmunger  men  when 
they  began  to  learn  English,  so  also 
was  the  authority  of  the  priests  un¬ 
dermined  by  the  Canadian  settlers 
who  flocked  to  the  area.  Today  there 
is  said  to  be  a  goodly  amount  of 
anti-clericalism  on  the  part  of  those 
who  remember  what  it  was  like  to 
live  in  the  society  which  father  Du¬ 
rieu  fashioned  for  the  Gulf  of  Geor¬ 
gia  Salish. 

The  last  individual  to  be  consid¬ 
ered  is  Billy  Benson — a  Salvation 
Army  worker.  He  was  a  Tlingit  In¬ 
dian  from  the  wealthy  and  powerful 
town  of  Klukwan  who  came  in  1901 
to  the  Tlingit  village  of  Klawak  on 
the  west  coast  of  Prince  of  AVales 
Island.  At  the  time  of  Benson’s  ar¬ 
rival  Klawak  was  a  village  which 
had  been  exposed  to  white  influence 
for  more  than  20  years  as  the  site 
of  a  saltry  and  later  of  the  first 
cannery  in  southeastern  Alaska.  The 
whites  who  worked  at  the  cannery 
were  quartered  close  to  the  village 
and  were  responsible  for  the  changes 
at  Klawak  prior  to  Benson’s  arrival. 
These  changes  were  primarily  the 
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result  of  tlie  introduction  of  whis¬ 
key  and  the  art  of  making  it.  The 
village  enjoyed  a  reputation  for 
drunkenness  throughout  southeast¬ 
ern  Alaska.  Indescribable  dirt  and 
disease  were  regarded  as  the  natural 
order  of  things,  and  although  many 
of  the  whites  deplored  these  condi¬ 
tions  none  took  any  steps  to  alleviate 
them. 

Benson  set  immediately  to  accom¬ 
plish  his  task.  The  methods  that  he 
used  were  not  described  in  detail, 
but  it  is  possible  to  infer  some  of 
the  reasons  for  his  success.  In  the 
first  place,  his  place  of  origin,  Kluk- 
wan,  gave  him  prestige  among  the 
status  conscious  Tlingit.  In  the  sec¬ 
ond  place,  he  was  living  proof,  per¬ 
haps  the  first,  that  a  Tlingit  could 
live  the  white  man’s  life  and  still  be 
a  Tlingit.  Finally,  he  was  an  ex¬ 
tremely  eloquent  man,  and  high 
value  is  placed  on  this  gift.  One  of 
Benson’s  first  acts  was  to  build  a 
small  house.  He  kept  it  neat  and 
clean  and  invited  the  villagers  to 
examine  its  contents.  In  addition, 
he  himself  abstained  from  all  forms 
of  intoxicants.  He  organized  a  Sun¬ 
day  school  and  was  intrumental  in 
establishing  a  public  school.  Within 
five  years  Klawak  had  become  a 
“Christian”  village.  It  was  neat  and 
clean,  the  Sabbath  was  observed,  a 
civil  administration  was  organized, 
and  the  townsfolk  assumed  the  re¬ 
sponsibility  of  governing  themselves. 
Eventually  Benson  left  to  work  in 
another  village,  but  in  the  mean¬ 
time  a  Presbyterian  church  had  been 
built  and  staffed. 

The  town  continued  to  be  run  on 
religious  principles  until  1921  when 
a  new  regime  was  voted  in  on  a 
platform  of  “less  religion”.  Liquor 


was  once  more  sold  in  town,  and  vil¬ 
lage  solidarity  broke  down.  Even  to¬ 
day,  although  liquor  is  once  more 
banned,  the  town  is  not  the  close 
knit  unit  which  it  once  was. 

Summary  and  Conclusions 

It  is  possible  to  conceive  of  three 
models  for  cultural  change  in  these 
three  cases.  Duncan’s  model  was  a 
19th  century  Western  European 
community,  Durieu ’s  was  a  paternal¬ 
istic  theocracy,  and  Benson’s  most 
closely  approximates  a  midwestern 
small  town  at  the  beginning  of  the 
20th  century — a  legacy  from  his  own 
American  missionary  teachers.  The 
models  were  all  static  in  that  they 
could  not  cope  with  the  changes 
brought  about  by  the  20th  century. 
Hence  their  breakdown  is  compre¬ 
hensible. 

It  is  interesting  to  note  that  in 
each  of  these  locations  the  people 
today  are  aware  of  the  circumstances 
under  which  they  acquired  their 
present  culture,  and  they  have  their 
versions  of  the  roles  played  by  the 
individuals  who  were  most  responsi¬ 
ble  for  its  acquisition.  And  yet  to¬ 
day  these  three  communities  are  far 
more  similar  to  each  other  than  to 
the  models  envisioned  for  each  by 
its  respective  missionary.  In  evalu¬ 
ating  the  effects  of  these  individuals 
one  must  also  take  into  consideration 
the  cultural  change  achieved  in  other 
northwest  coast  villages  where  no 
one  individual  is  singled  out  as  be¬ 
ing  responsible  for  the  changes 
which  have  taken  place.  Again,  these 
other  villages  are  now  very  similar 
culturally  to  the  ones  which  have 
been  discussed.  This  raises  the  tan¬ 
talizing  question  of  whether  the  in- 
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dividuals  were  really  important  in 
terms  of  change  of  culture  on  the 
northwest  coast.  Within  limits  it 
may  be  fairly  argued  that  they  were 
important,  since  the  changes  which 
they  wrought  were  closely  scrutin¬ 
ized  by  both  whites  and  Indians,  and 
the  results  came  to  be  highly  valued 
by  both.  This,  in  turn,  had  the  effect 
of  establishing  models  for  future 
change  in  Indian  communities  rela¬ 
tively  unaffected  by  direct  mission¬ 
ary  contact.  The  point  to  be  empha¬ 
sized  is  that  these  individuals  con¬ 
tributed  to  and  achieved  a  new  so¬ 
cial,  religious,  and  economic  order 
in  selected  villages,  and  each  indi¬ 
vidual  had  a  somewhat  different  con¬ 
cept,  of  the  new  order.  The  fact  that 
the  20th  century  results  of  these  con¬ 
tributions  have  tended  to  come  to 
the  same  things  simply  serves  to  em¬ 


phasize  the  point  that  communities 
organized  along  the  lines  of  rigid 
models  have  too  much  stasis  in  them 
to  continue  to  function  in  that  man¬ 
ner  in  the  face  of  modern  life. 
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ABUNDANCE  OF  PEACE  INSECTS  AND  INSECTICIDE 

USAGE  IN  ILLINOIS,  1935-1957 

STEWART  C.  CHANDLER 
Illinois  Natural  History  Survey,  Garliondale 


History  of  Surveys  and 
Insects  Involved 

Each  year  since  1935,  the  State 
Natural  History  Survey  has  con¬ 
ducted  a  survey  at  peach  harvest 
time  in  the  commercial  peach-grow¬ 
ing  areas  of  southern  Illinois  to  de¬ 
termine  the  extent  of  insect  injury 
to  the  fruit.  Started  because  of  a 
need  for  information  on  a  new  and 
threatening  pest,  the  oriental  fruit 
moth,  Graph olitha  molesta  (Busk), 
the  early  surveys  included  records 
on  this  insect  only,  but  as  the  value 
of  surveys  became  apparent,  the  ob¬ 
jectives  broadened. 

First  records  of  fruit  “ wormy” 
from  the  plum  curculio,  Conotrach- 
elus  nenuphar  (Hbst.)  were  secured 
in  1937.  When  the  importance  of 
trying  to  correlate  infestation  with 
insecticides  used  was  realized  in 
1938,  work  on  this  phase  began.  Cer¬ 
tain  stink  bugs,  notably  of  the  genus 
Euschistus ,  and  the  tarnished  plant 
bug,  Lygus  lineolaris  (P.  deB.), 
feed  on  the  peach  when  it  is  very 
small  and  produce  the  distortion  of 
the  fruit  called  “ catfacing”.  The 
inability  to  control  these  insects 
causing  catfacing  resulted  in  this  in¬ 
jury  being  included,  beginning  in 
1942.  With  the  use  of  DDT  as  a 
part  of  our  peach  and  apple  insecti¬ 
cide  program,  leaf  rollers  were  ob¬ 
served  for  the  first  time  and  became 
serious  in  some  orchards  in  1949.  In 
the  same  year,  we  first  included  the 
records  of  fruit  stung  by  the  adults 


of  the  plum  curculio.  This  had  al¬ 
ways  been  a  factor  in  poor  quality 
fruit,  but  appeared  to  be  especially 
bad  where  benzene  hexachloride 
(BHC)  was  being  used.  Correlation 
between  stung  fruit  and  use  of  BIIC 
in  1949  and  1950  seems  apparent. 

Survey  Methods 

From  30  to  35  selected  orchards 
in  ten  counties  were  included, 
largely  commercial  blocks  in  the  ma¬ 
jor  peach-growing  areas.  Where  pos¬ 
sible,  the  same  orchards  were  checked 
each  year.  Just  before  or  at  the  time 
of  first  picking,  500  peaches  were 
examined  at  random  on  the  trees  in 
a  representative  block.  The  surveys 
were  limited  to  Elberta  peaches, 
which  even  now  constitute  70  to 
75%  of  the  peaches  of  the  state. 
The  fruit  was  scored  for  the  various 
injuries  noted  in  Table  1.  The  grow¬ 
er  was  interviewed  to  find  out  which 
insecticides  were  used  and  the  num¬ 
ber  of  applications  made,  in  liquid 
and  dust  form,  in  the  early  and  late 
brood  periods.  Data  on  chemicals 
are  condensed  into  Tables  2  and  3. 
The  tables  outline  much  of  a  quarter 
of  a  century  of  peach  growing  and 
insect  control  in  Illinois. 

Discussion  of  Insect 
Infestations 

Oriental  fruit  moth  :  The  oriental 
fruit  moth  was  first  found  in  Pu¬ 
laski  County  in  1927,  and  it  soon 
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Table  1. — Average  Percentages  of  Peaches  Damaged  by  Plum  Curculio,  Oriental 
Fruit  Moth,  and  Leaf  Roller,  in  30  Representative  Orchards  in 

Southern  Illinois. 


Year 

Percent 
fruit  infested, 
plum 
curculio 
larvae 

Percent 
fruit  stung, 
adult 
curculios 

Percent 
fruit  infested, 
oriental 
fruit  moth 

Percent 
oriental 
fruit  moth 
larvae 
parasitized 

Percent 

fruit, 

catfaced 

Percent 
fruit 
injured, 
leaf  rollers 

1934.. . 

20.0 

1935..  . 

22  1 

17  7 

1936.. . 

3.3 

17.3 

1937.. . 

2.0 

12.2 

28 . 0 

1938..  . 

4.3 

3.7 

56.8 

1939..  . 

3.8 

1.2 

1940.  . . 

no  crop 

1941.. . 

0.7 

0.3 

1942.. . 

7.2 

1.6 

11  .7 

1943.  . . 

7.8 

5.8 

19.9 

1944.  . . 

1  .7 

0.9 

3.8 

1945..  . 

3.6 

1  .6 

51  0 

5.8 

1946..  . 

6.0 

5.2 

48.3 

12.2 

1947..  . 

3.4 

2.2 

4.8 

1948.. . 

4.6 

5.2 

53.9 

10.7 

low 

1949.. . 

4.5 

9.9 

2.0 

9.6 

3.3 

1950.. . 

1.7 

5.8 

3.2 

8.6 

0.2 

1951.. . 

4.9 

2.39 

4.4 

4.1 

0.1 

1952. . . 

1.4 

2.34 

0.3 

6.5 

0.1 

1953... 

1.3 

0.72 

0.2 

3.3 

0.7 

1954.. . 

0.1 

0.41 

0.7 

2.6 

0.1 

1955..  . 

no  crop 

1956.. . 

0.33 

0 . 38 

0.47 

4.49 

0.18 

1957.. . 

0.18 

0.90 

3.20 

7.20 

1.74 

became  widespread.  Parasites, 
chiefly  Macrocentrus  ancylivorous, 
reared  in  the  Bureau  of  Entomology 
Laboratory  in  New  Jersey,  were 
flown  to  Illinois  and  liberated  in  in¬ 
fested  peach  orchards.  First  recov¬ 
ery  collections  were  made  in  1934. 
As  will  be  seen  in  Table  1,  there 
was  little  increase  in  parasitism  un¬ 
til  1938,  when  it  reached  56.8%, 
which  later  proved  to  be  about  the 
normal  average.  With  the  exception 
of  the  excessively  hot,  dry  season  of 
1936,  the  infestations  of  the  oriental 
fruit  moth  remained  high  until  para¬ 
sitism  reached  its  maximum  in  1938 
and  then  decreased.  The  general  in¬ 


clusion  of  DDT  in  spray  and  dust 
schedules  helped  to  control  the  in¬ 
festation.  Later,  parathion  was  re¬ 
sponsible  for  much  of  the  reduction. 
The  moth  is  still  potentially  a  bad 
pest,  however,  with  the  five  possible 
broods  a  year  which  caused  the 
seven-fold  increase  observed  in  the 
very  wet  season  of  1957. 

The  plum  curculio:  Over  the  years 
more  insecticides  have  been  directed 
against  the  plum  curculio  and  the 
disease  brown  rot,  which  it  indirectly 
stimulates,  than  any  other  peach 
pest.  The  high  averages  of  wormy 
fruit  during  the  first  three-fourths 
of  the  survey  period  are  seen  in 
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Table  1,  and  to  this  must  be  added 
stung  and  roughened  fruit  and  even 
some  fruit  catfaced  by  the  adult  cur- 
culios.  The  effect  of  a  total  crop  fail¬ 
ure  in  1930  has  been  noted,  but  no 
detailed  records  were  made  of  the 
infestation  in  1931.  In  1940,  the  fail¬ 
ure  of  the  crop  resulted  in  a  de¬ 
crease  from  3.8%  in  1939  to  0.7% 
in  1941  (Table  1).  The  use  of  chlor- 
clane,  parathion,  and  dieldrin  after 
1951  (Tables  2  and  3)  was  largely 
responsible  for  the  low  subsequent 
infestations,  although  these  were  as¬ 
sisted  by  a  dry  cycle  starting  in 
1952. 

Leaf  roller:  Leaf  roller  injury 
was  practically  unknown  before  the 
advent  of  DDT.  By  1949,  it  became 
quite  serious  in  some  orchards,  with 
10  to  15%  of  the  fruit  being  injured. 
Enough  of  the  38  orchards  examined 
were  so  slightly  affected  that  the  av¬ 
erage  was  only  3.3%  (Table  1).  It 
was  at  first  assumed  that  this  leaf 
roller  on  peach  trees  was  the  same 
as  the  one  that  had  appeared  on 
apple  trees  following  DDT.  It  was 
later  determined  to  be  one  closely 
resembling  it,  Platynota  flavedaym 
(Clem.).  The  very  marked  increase 
in  average  infestation  of  1957  over 
1956,  about  nine  times,  may  be  asso- 
sociated  in  some  way  with  the  very 
wet  season  of  1957. 

Cat  facing :  The  importance  of  cat¬ 
facing  is  very  great.  Although 
peaches  damaged  in  this  way  possi¬ 
bly  are  not  as  objectionable  as  those 
tunneled  by  the  larva  of  the  plum 
curculio  or  the  oriental  fruit  moth, 
they  are  still  culls,  and  the  number 
of  catfaced  peaches  commonly  equals 
or  exceeds  all  other  injuries  com¬ 
bined.  Referring  to  Table  1,  we  ob¬ 
tain  the  following  comparisons: 


65 

Fruit  injuries 


1952 

1953 

1954 

1956 

1957 

Catfaced 

.  .6.5 

3.3 

2.6 

4.49 

7.20 

Other  .  . 

.  .4.14 

2.92 

1.31 

1.36 

6.02 

Discussion  of 
Insecticides  Used 

Lead  arsenate  and  cryolite:  Lead 
arsenate  was  almost  the  only  insecti¬ 
cide  used  on  peaches  before  1947. 
During  these  early  years,  tests  were 
conducted  to  find  any  possible  sub¬ 
stitutes  or  softeners  to  alleviate  the 
burning  effect  of  lead  arsenate  on 
fruit  and  foliage.  For  a  while  it  was 
thought  that  the  less  caustic  basic 
lead  arsenate  could  be  used,  but  in¬ 
sect  control  was  inferior  to  that  of 
the  none-too-good  acid  lead  arsenate 
in  use.  Cryolite  eliminated  all  foli¬ 
age  injury  in  a  spectacular  way  (Ta¬ 
bles  2  and  3),  and  it  was  being  rap¬ 
idly  accepted.  However,  it  produced 
a  softening  of  the  suture  of  the  fruit 
and  was  less  effective  than  lead  ar¬ 
senate  in  controlling  bad  curculio 
infestations.  Thus,  it  was  never  used 
again.  With  the  advent  of  DDT  and 
other  organic  insecticides,  the  pic¬ 
ture  changed  rapidly. 

DDT:  DDT  was  found  to  be  of 
little  or  no  value  for  the  control  of 
the  plum  curculio,  although  it  re¬ 
duced  catface  injury  about  50%.  It 
also  controlled  the  oriental  fruit 
moth  fairly  well.  For  this  reason, 
one  or  two  DDT  applications  in 
bloom  or  petal  fall  and  also  late  in 
the  season  became  standard.  Records 
of  the  numbers  of  applications  con¬ 
taining  DDT  appear  in  Table  2,  be¬ 
ginning  in  1947. 

The  other  chemicals  listed  in  Ta¬ 
bles  2  and  3  were  designed  primarily 
for  the  control  of  the  plum  curculio. 


Table  2. — Numbers  and  Kinds  of  Spray  and  Dust  Applications  Used  in  Southern  Illinois  Peach  Orchards. 
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The  average  number  of  poison  ap¬ 
plications  thought  necessary  by  rep¬ 
resentative  growers  to  control  the 
pest  is  of  interest.  As  will  be  seen  in 
the  last  column  of  Table  2,  from 
1938  through  1942,  three  to  five 
sprays  or  dusts  were  applied,  but 
the  number  of  applications  lias  since 
been  increased  to  nearly  10,  despite 
the  fact  that  more  effective  insecti¬ 
cides  are  now  used.  The  manner  of 
application  also  changed  (Table  2). 
Dusting  was  used  primarily  from 
1942  to  1948,  but  with  improvement 
in  spray  machinery  and  the  use  of 
one-man,  non-stop  spray  rigs,  the 
percentage  of  orchards  dusted  is  now 
the  lowest  it  has  been  since  the  sur¬ 
veys  started. 

Benzene  hexachloride  (BHC): 
BHC  was  the  major  insecticide  used 
in  1949  and  1950.  It  was  rapidly 
discontinued  after  that  time  due  to 
the  off  flavor  it  imparted  to  fruit 
and  to  the  increase  in  stings  on  the 


fruit.  The  large  percentage  of  fruit 
stung  in  1949  was  probably  the  re¬ 
sult  of  the  general  use  of  this  ma¬ 
terial  which  killed  the  beetles  very 
well  but  was  slow-acting. 

Chlordane  and  dieldrin:  Chlor- 
dane  was  found  to  be  superior  to 
BHC  in  controlling  the  plum  curcu- 
lio  with  much  less  danger  of  im¬ 
parting  an  off  flavor  to  the  fruit.  It 
might  have  held  its  favored  place 
except  that  dieldrin  p roved  to  have 
a  greater  residual  quality  and  also 
killed  the  stink  bugs  which  produce 
eat  facing.  Dieldrin  is  still  favored 
(Table  3),  though  it  is  quite  specific 
and  cannot  replace  a  more  general 
insecticide  like  parathion. 

Parathion  and  substitutes:  Para¬ 
thion,  a  general  purpose  insecticide, 
is  not  as  efficient  as  dieldrin  for  the 
control  of  the  plum  curculio.  Never¬ 
theless,  it  has  become  the  dominant 
insecticide  (Table  2).  The  decrease 
in  DDT  used  for  the  control  of  the 


Table  3. — Percentage  of  Applications  (Spray  and  Dust)  in  Which  Each  of  Several 
Insecticides  Were  Used  for  Control  of  Plum  Curculio,  as 

Calculated  from  Table  2. 


Year 

Lead 

arsenate 

Cryolite 

BHC 

Chlor¬ 

dane 

Para¬ 

thion 

Diel¬ 

drin 

Mala- 

thion 

Methoxy- 

chlor 

1938 

93  4 

7  6 

0  0 

0.0 

0  0 

0.0 

0.0 

1939 

80  6 

19.4 

0.0 

0.0 

0.0 

0.0 

0.0 

1940 

No  crop 

100  0 

1941  through 
1947 

0  0 

0  0 

0  0 

0  0 

0.0 

0 . 0 

1948  . 

1949  . 

1950  . 

1951  . 

1952  . 

1953  . 

1954  . 

1 955 

67  9 

0  0 

27  7 

4  4 

0  0 

0.0 

0.0 

32.4 
21  8 

0  0 

56  5 

10  6 

0  5 

0.0 

0 . 0 

0  0 

45  2 

16  0 

17.0 

0.0 

0.0 

11  0 

0  0 

17  0 

15  0 

52 . 0 

5.0 

0.0 

13  2 

0  0 

5  2 

4  5 

71  0 

6.1 

0.0 

4.5 

2  5 

0  0 

2  1 

4  4 

73  0 

16.0 

0.0 

0.0 

1.9 

1  .9 

69.5 

23 . 6 

0.6 

No  crop 

2.4 

3.4 

1950 . 

1957 . 

0.0 

0.0 

0.6 

0.3 

3.1 

0.6 

71 .4 
72.2 

19.4 

20.7 

3.1 

2.8 

0.0 

0.3 
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oriental  fruit  moth  since  1954  is  due 
to  the  good  control  of  this  insect  by 
parathion. 

Because  of  parathion ’s  great  haz¬ 
ards  to  handlers,  substitutes  such  as 
malathion  and  other  less  dangerous 
materials  are  being  tested  by  grow¬ 
ers  and  experimenters. 

The  future  of  specific  insecticides 
to  be  used  in  the  peach  orchards  is 
uncertain.  Despite  current  general 
acceptance,  parathion  is  short-lived 
and  dangerous  to  handle.  Some  in¬ 
sects  and  mites  appear  to  be  build¬ 
ing  up  resistance  to  it.  New  and  effi¬ 
cient  insecticides  and  miticides  are 
being  developed  for  possible  future 
use. 

Summary 

Annual  peach  harvest  surveys  con¬ 
ducted  from  1935  to  1957  gave  in¬ 
formation  on  the  principal  insect 
pests  and  insecticides  used  for  their 
control.  The  oriental  fruit  moth 
caused  serious  damage  in  the  early 
years,  but  this  was  reduced  by  intro¬ 


ducing  parasites  and  efficient  insec¬ 
ticides.  The  injury  from  catfacing, 
caused  by  the  tarnished  plant  bug 
and  several  stink  bugs,  is  usually  as 
great  as  or  greater  than  all  other 
types  of  insect  injury  combined.  The 
plum  curculio  is  potentially  the 
worst  insect  pest  of  peach  trees,  and 
more  poison  applications  are  made 
to  control  it  than  all  other  insects 
combined.  For  years  lead  arsenate 
was  almost  the  only  insecticide  used. 
It  has  been  practically  replaced  by 
benzene  liexachloride,  ch Iordan e, 
and  dieldrin.  Of  these  three,  diel- 
drin  takes  first  place  for  the  control 
of  the  plum  curculio  and  for  cat¬ 
facing  insects.  However,  parathion, 
being  a  much  more  general  insecti¬ 
cide,  ranks  first  and  is  used  in  about 
70%  of  the  applications.  At  present, 
40%  of  the  poisons  are  applied  in 
dust  form  as  compared  with  more 
than  80%  in  former  years.  The  total 
number  of  poison  applications  made 
per  orchard  has  increased  from 
three  or  four  to  nearly  ten  per  sea¬ 
son  at  the  present  time. 


INEXPENSIVE  EQUIPMENT  FOR  MICRONUTRIENT 
ELEMENT  STUDIES  WITH  PLANTS 

WAYNE  J.  McILRATH,  WILLIAM  CLARK  ASHBY,  and  LAWRENCE  BOGORAD 

University  of  Chicago ,  Chicago 


Introduction 

In  studies  of  deficiencies  of  micro- 
nutrient  elements  of  plants,  other 
than  boron,  the  use  of  Pyrex  con¬ 
tainers  has  generally  been  advo¬ 
cated.  The  cost  of  such  containers, 
however,  is  often  prohibitive  under 
conditions  of  limited  budget,  when 
extensive  replication  is  desired,  or 
where  it  is  necessary  to  use  very 
large  vessels.  Another  serious  con¬ 
sideration  in  the  use  of  Pyrex  is 
the  replacement  cost.  In  recent  years 
reports  have  appeared  which  indi¬ 
cate  that  certain  plastic  containers 
can  be  used  in  micronutrient  inves¬ 
tigations  (Dozer  and  Dole,  1952; 
Hewitt,  1952;  Odhnoff,  1957).  Con¬ 
tainers  of  polyethylene  appear  to 
be  quite  suitable  and  have  the  ad¬ 
vantages  of  being  less  fragile  and 
less  expensive  than  Pyrex  ware. 
They  have  the  disadvantage  of  Py¬ 
rex  of  permitting  light  transmission 
through  the  walls,  necessitating  the 
use  of  opaque  material  around  them. 
Some  polyethylene  containers  are 
manufactured  which  appear  to  be 
sufficiently  opaque,  but  the  vessels 
of  this  type  tried  by  the  authors 
have  been  found  unsatisfactory  be¬ 
cause  of  leaching  of  the  opaquing 
pigment  into  the  nutrient  solution. 

A  technique  making  use  of  poly¬ 
ethylene  in  the  form  of  thin-walled 
bags  (thickness  of  about  0.0015 
inch)  lias  been  used  by  the  authors 
over  a  period  of  several  years  and 


been  found  satisfactory  for  studies 
with  several  of  the  micronutrient 
elements.  This  paper  describes  such 
a  method. 

Polyethylene  bags  were  placed  in¬ 
side  of  rigid,  opaque  vessels.  Con¬ 
tainers  which  we  found  quite  satis¬ 
factory  and  readily  available  were 
46-fluid-ounce,  fruit-juice  cans  (Fig. 
1).  Cans  of  this  size  have  sufficient 
volume  to  permit  plants  to  be  grown 
for  an  extended  period  of  time.  Sev¬ 
eral  small  holes  were  placed  in  the 
bottom  of  each  can  so  that  any  leak¬ 
ing  bags  could  be  detected. 

Into  such  cans  were  placed  bags 
measuring  5  or  6  inches  wide,  with 
a  3-inch  gusset,  and  15  inches  long 
(commonly  listed  as  a  5  (or  6)  by 
3  by  15-inch  bag) .  Although  the 
bags  are  sealed  at  the  bottom,  it  was 
found  that  the  weight  of  the  nutri¬ 
ent  solution  was  sometimes  sufficient 
to  break  this  union.  To  prevent  leak¬ 
age  at  this  bottom  seam  several  tech¬ 
niques  were  tried  but  the  simplest 
and  most  satisfactory  proved  to  be 
a  tight  overhand  knot  in  the  bottom 
of  the  bag  (Fig.  1).  After  the  bag 
was  placed  in  the  can  and  filled  with 
nutrient  solution,  the  polyethylene 
extending  above  the  top  of  the  con¬ 
tainer  Avas  folded  down  to  prevent 
contamination  of  the  solution  from 
the  edge  of  the  can  (Fig.  2).  The 
bags  were  used  as  obtained  from  the 
distributor  with  no  attempt  being 
made  to  clean  them  before  use. 

Numerous  materials  have  been 
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Pig.  1.- — Component  parts  of  equipment  used  in  micronutrient  element  studies, 
(left  to  right)  46-fluid-ounce  can,  polyethylene  bag  knotted  at  bottom,  cover,  and 
cork. 


used  for  the  construction  of  con¬ 
tainer  covers  (Hewitt,  1952)  ;  we 
found  Vg-inch  tempered  hardboard 
(Masonite)  satisfactory.  Square  cov¬ 
ers  were  cut  large  enough  to  extend 
over  the  edge  of  the  container  about 
%  inch.  A  1-inch  hole  was  drilled 
in  the  center  and  the  covers  were 
then  waterproofed  with  varnish 
(Waterlox).  A  No.  12  cork,  in  which 
was  drilled  a  %  -  inch  hole,  was 
halved  with  a  sharp  knife  and  the 
two  pieces  were  hinged  on  one  side 
with  masking  tape  (Fig.  1).  The 
plant  was  held  in  the  cork  with 
loose  non-absorbent  cotton  (Fig.  2). 

There  were  two  reasons  for  the 
use  of  a  top  of  the  type  described 
above.  First  the  large  hole  in  the 
cover  permits  the  plant’s  root  sys¬ 
tem  to  be  passed  through  the  cover 
without  excessive  root  damage.  Sec¬ 
ond,  since  the  covers  are  relatively 
thin  and  offer  little  support  for  the 
plants  once  they  attain  much  height, 


the  corks  serve  as  guides  to  keep  the 
plants  in  an  upright  position. 

The  macronntrient  solution  used 
was  Hoagland  and  Arnon’s  No.  1 
(1950).  In  studies  of  boron,  reagent 
grade  chemicals  and  demineralized 
water  were  used  in  the  preparation 
of  the  nutrient  solutions.  For  experi¬ 
ments  with  other  micronutrient  ele¬ 
ments  the  solutions  were  prepared 
with  stock  salt  solutions,  purified  ac¬ 
cording  to  the  procedure  of  Stout 
and  Arnon  (1939),  and  demineral¬ 
ized  water.  Boron  deficient  solutions 
were  stored  in  soft  glass  containers 
and  all  others  in  Pyrex  carboys. 
These  solutions  could  have  been 
stored  in  large  vessels  lined  with 
polyethylene.  Micronntrient  ele¬ 
ments  were  added  to  the  nutrient 
solutions  in  the  amounts  recommend¬ 
ed  (Hoagland  and  Arnon,  1950). 
Iron  was  normally  added  in  a  chel- 
ated  form  (salt  of  ethylenediamine- 
tetraacetic  acid). 
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Results  and  Discussion 

Using  the  technique  described,  de¬ 
ficiency  symptoms  for  iron,  boron, 
manganese  and/or  zinc  have  been 
produced  in  :  basswood,  T  ilia  a  me  Ti¬ 
rana  1j.  ;  cocklebur,  Xanthium  pen- 
sylvamcum  Wallr. ;  corn,  Zea  mays 
L.;  cotton,  Gossypium  liirsutuni  L. ; 
red  kidney  bean,  Phaseolus  vulgaris 
L. ;  spinach,  Spinacia  oleraeea  L. ; 
and  sunflower,  Helianthus  annuus  L. 
Although  attempts  have  not  been 
made  to  produce  deficiency  symp¬ 
toms  of  copper  or  molybdenum,  it 
appears  likely  that  with  the  proper 
precautions  this  technique  also  offers 
promise  in  studies  with  these  ele¬ 
ments. 

The  low  cost  of  the  equipment 
described  makes  studies  of  micronu¬ 
trient  elements  feasible,  even  with  a 
meager  budget.  In  our  experience 
the  cost  of  the  bag  and  materials 
for  construction  of  the  top  was  less 
than  ten  cents. 

The  polyethylene  bags  were  very 
inexpensive,  Costing  only  about  two 
percent  of  the  price  of  a  rigid  poly¬ 
ethylene  container.  Such  bags  may 
be  purchased  from  several  labora¬ 
tory  supply  houses  and  a  number 
of  local  stores,  where  they  are  sold 
as  refrigerator  or  frozen  food  bags. 
Because  of  their  low  cost,  the  au¬ 
thors  routinely  discard  bags  after 
using  them  once ;  employing  new 
bags  each  time  was  found  to  be  less 
expensive  than  cleaning  used  ones. 

Since  polyethylene  bags  can  be 
purchased  in  a  multitude  of  sizes, 
this  technique  can  be  adapted  to  use 
with  vessels  of  any  size  desired.  If 
very  large  tanks  are  used,  polyethy¬ 
lene  sheeting  can  be  purchased  and 
liners  fabricated  by  the  user. 


Fig.  2. — Experimental  setup  showing 
an  iron-deficient,  cocklebur  plant.  Cover 
and  cork  holding  plant  elevated  to  show 
polyethylene  bag  inside  of  can. 


Not  only  does  this  method  seem 
to  offer  distinct  advantages  in  mi- 
cronutrient  element  experiments, 
polyethylene  bags  (or  sheeting)  can 
also  be  used  to  line  containers  which 
might  yield  toxic  products  to  the 
nutrient  solution  in  macronutrient 
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studies.  Therefore,  any  container 
which  has  sufficient  rigidity  and  sat¬ 
isfactory  opaque  qualities  can  be 
lined  with  polyethylene  and  used  in 
nutrient  studies  with  plants. 

It  should  be  pointed  out  that  since 
numerous  companies  manufacture 
polyethylene  bags  it  is  possible  that 
various  brands  or  lots  of  bags  may 
differ  in  their  utility  for  micronu- 
trient  work.  An  advisable  precau¬ 
tion,  therefore,  before  extensive  ex¬ 
perimentation  is  undertaken  using 
the  technique  described,  would  be  a 
preliminary  study  to  insure  that  the 
bags  have  not  been  contaminated 
with  micronutrients  in  the  manufac¬ 
turing  process. 
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Summary 

Inexpensive  equipment  for  use  in 
micronutrient  element  studies  with 
plants  is  described.  This  technique 
makes  use  of  rigid,  opaque  contain¬ 
ers  lined  with  thin  polyethylene 
bags.  With  the  method  indicated, 
deficiency  symptoms  of  iron,  boron, 
manganese,  and  zinc  have  been  pro¬ 
duced  in  a  number  of  plant  species. 

Literature  Cited 

Dozer,  I.,  and  M.  Dole.  1952.  Plastics 
in  trace  element  research.  Science, 
115:93-94. 

Hewitt,  E.  J.  1952.  Sand  and  water 
culture  methods  used  in  the  study 
of  plant  nutrition.  Farnham  Royal, 
Bucks,  England,  Tech.  Commun.  No. 
22,  Commonwealth  Bur.  Hort.  and 
Plantation  Crops,  Commonwealth 
Agric.  Bur.,  241  pp. 

Hoagland,  D.  R.,  and  D.  I.  Arnon.  1950. 
The  water-culture  method  for  grow¬ 
ing  plants  without  soil.  Calif.  Agric. 
Exper.  Sta.  Circ.,  347,  32  pp. 

Odhnoff,  C.  1957.  Boron  deficiency  and 
growth.  Physiol.  Plantarum,  10:  984- 
1000. 

Stout,  P.  R.,  and  D.  I.  Arnon.  1939. 
Experimental  methods  for  the  study 
of  the  role  of  copper,  manganese,  and 
zinc  in  the  nutrition  of  higher  plants. 
Amer.  Jour.  Bot.,  26:144-149. 


PRELIMINARY  ANALYSIS  OF  REGIONAL  CONCEPTS : 
SOUTHERN  ILLINOIS  AND  LITTLE  EGYPT 

DALIAS  A.  PRICE 

Eastern  Illinois  University ,  Charleston 


It  is  the  purpose  of  this  paper  to 
analyze  southern  Illinois  and  Little 
Egypt  as  regional  concepts,  in  terms 
of  the  extent  of  their  local  usage, 
and  to  compare  such  concepts  to 
those  used  on  maps  in  various  pub¬ 
lications  dealing  with  the  areas. 

Information  about  usage  of  the 
terms  ‘  ‘  Southern  Illinois  ’  ’  and  ‘ 1  Lit¬ 
tle  Egypt”  was  compiled  from  busi¬ 
ness  names  in  telephone  directories. 
This  was  used  as  one  basis  in  de¬ 
termining  the  areal  extent  of  the  two 
regions.  In  addition,  students  taking 
geography  courses  at  Southern  Illi¬ 
nois  University  during  the  fall  of 
1957  completed  questionnaires  giv¬ 
ing  their  opinions  on  the  boundaries 
of  the  regions  and  the  locational  re¬ 
lationships  of  their  home  towns  to 
southern  Illinois  and  Egypt. 

Publications  and  Literature 

In  most  publications  dealing  with 
Southern  Illinois  as  a  region,  there 
is  wide  diversity  of  area  included 
and  boundaries  used  (Fig.  1).  There 
seems  to  have  been  a  tendency  to 
choose  the  areal  extent  most  con¬ 
venient  to  the  writer’s  problem  or 
ambition.  Actually,  most  boundaries 
simply  follow  county  lines,  particu¬ 
larly  when  census  data  comprise  the 
chief  information  to  be  analyzed. 

Telephone  Directory  Analysis 

The  area,  Southern  Illinois,  as  an¬ 
alyzed  from  telephone  directory 


data,  lies  south  of  a  curving  line, 
extending  eastward  from,  and  in¬ 
cluding,  Alton  to  Vandalia  and  Ef¬ 
fingham,  and  thence  southeastward 
toward  Mt,  Carmel  (Fig.  2).  The 
greatest  concentration  of  usage,  how¬ 
ever,  centered  on  Franklin  County. 
There  was  some  secondary  concen¬ 
tration  in  St.  Clair  County,  where 
firms  use  the  term,  southern  Illinois, 
in  their  business  name. 

Regional  usage  of  the  word  Little 
Egypt  or  Egyptian  for  company  or 
business  names,  as  derived  from  di¬ 
rectories,  conforms  generally  with 
the  line  established  from  student 
questionnaires,  particularly  the 
home-town  maps  (Fig.  4).  The  chief 
exception  is  a  northward  extension 
to  include  Centralia  and  Salem, 
which  reveals  a  decidedly  larger 
area  for  Egypt  than  has  heretofore 
been  recognized.  Even  so,  the  great¬ 
est  concentration  of  usage  centers 
in  the  “Coal  Belt”  towns  of  Benton, 
West  Frankfort,  Herrin,  Marion, 
and  Harrisburg,  although  Egypt  is 
almost  as  commonly  used  in  Anna, 
Cairo,  and  Metropolis.  In  all  of  the 
above-mentioned  cities,  there  is  con¬ 
siderable  local  pride  in  regional  iden¬ 
tification  with  the  term  Egypt. 

Results  of  Questionnaire 

Students  were  asked  to  draw 
boundaries  of  both  Southern  Illinois 
and  Little  Egypt  on  maps  and  to 
indicate  if  they  thought  their  home 
towns  were  in  the  two  regions  (Fig. 
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Figure  2. 
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3) .  While  a  wide  range  of  opinions 
Avas  exhibited,  there  were  much  more 
definite  patterns  of  agreement  con¬ 
cerning  the  northern  boundary  of 
Southern  Illinois  than  for  Little 
Egypt ’s  limits.  The  greatest  prepon¬ 
derance  of  students  believed  that 
southern  Illinois’  northern  boun¬ 
dary  extends  eastward  from  the 
Missonri-Mississippi  River  juncture, 
paralleling  the  B.  &  0.  Railroad  (but 
some  20  miles  to  the  north)  which, 
in  the  past,  was  widely  used  as  the 
traditional  northern  boundary. 

Extremes  :  A  few  students  thought 
Southern  Illinois  began  along  an 
east-west  line  just  south  of  Chicago. 
As  might  be  suspected,  those  stu¬ 
dents’  homes  are  in  northern  Illinois 
and  Chicago.  Most  students  living 
north  of  latitude  39  degrees  tend  to 
draw  the  line  across  the  state  south 
of  their  home,  suggesting  a  tendency 
this  writer  has  observed  among 
many  up-staters  to  think  of  South¬ 
ern  Illinois  as  being  that  part  of  the 
state  south  of  their  own  home  town ! 
The  smallest  area  designated  as 
Southern  Illinois  is  shown  on  Figure 
3  and  is  roughly  that  area  south  of 
Carbondale  and  Marion. 

When  students  were  asked  to  in¬ 
dicate  whether  their  home  town  was 
located  in  Southern  Illinois  or  not, 
a  different  regional  boundary  for  the 
Southern  Illinois  area  emerged  (Fig. 

4) .  Students  who  live  in  Monroe, 
St.  Clair,  and  Madison  counties 
would  exclude  their  home  towns 
from  southern  Illinois.  There  was  a 
tendency  for  the  same  feeling  to  be 
evidenced  among  students  living 
near  the  Wabash  River  in  Lawrence 
and  Richland  counties;  this  concurs 
with  findings  from  telephone  direc¬ 
tories,  indicating  some  desire  to  dis- 


I  o 

sociate  one’s  home  town  from  South¬ 
ern  Illinois,  possibly  stemming  from 
a  feeling  that  Southern  Illinois  is 
the  poor  part  of  the  state.  Home 
town  pride  is  strong. 

Analysis  of  the  maps  on  which 
students  placed  the  boundary  of 
Egypt  indicated  more  of'  a  hazy  no¬ 
tion  of  the  limits  of  the  area  than 
was  true  about  Southern  Illinois, 
thus  illustrating  that  people  gener¬ 
ally  have  an  indefinite  idea  of  the 
limits  of  Egypt,  even  though  most 
can  tell  you  whether  thev  live  in 
Egypt  or  not. 

The  line  used  most  frequently  by 
students  for  the  north  boundary  of 
Egypt  is  shown  on  Figure  5  and  ex¬ 
tends  in  an  arc  from  Chester  to  a 
point  just  north  of  the  mouth  of  the 
Wabash  River.  Egypt,  thus  delim¬ 
ited,  would  include  all  of  the  south¬ 
ernmost  ten  counties  and  parts  of 
the  next  tier  of  five  counties,  from 
Randolph  on  the  west  to  White  on 
the  east.  The  boundary,  as  estab- 
lished  from  student  questionnaires, 
follows  closely  the  traditional  one. 
The  Central  ia  area  Avon  Id  be  ex¬ 
cluded  by  students,  although  tele¬ 
phone  directory  analysis  indicates 
that  it  should  be  included. 

Extremes :  A  number  of  students 
felt  that  Egypt  AAas  a  much  larger 
region,  and  that  its  northern  limits 
should  more  nearly  coincide  with  the 
Southern  Illinois  boundary,  as 
shown  on  Figure  3.  Only  a  feAV 
thought  Egypt  should  be  restricted 
to  the  southern  tip  of  the  state  near 
Cairo. 

Home  towns:  When  students  Avere 
asked  whether  or  not  their  home 
toAvns  were  in  Egypt,  there  emerged 
a  pattern  similar  to  that  which  they 
designated  for  Southern  Illinois 
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(Fig.  4).  Students  living  in  the  East 
St.  Louis  area  and  Wabash  lowlands 
excluded  their  home  towns  from 
Egypt.  Such  students  would  include 
only  areas  within  an  arc  extending 
northeastward  from  the  Jackson  - 
Randolph  County  line  through  Nash¬ 
ville,  almost  to  Centralia,  thence 
southeastward  to  the  mouth  of  the 
Wabash  River. 

Conclusion 

Apparently  ‘  ‘  Southern  Illinois  ’  ’ 
and  “Egypt”  mean  many  things  to 
different  people.  Yet,  there  is  con¬ 
siderable  agreement  on  what  consti¬ 
tutes  the  regions ;  enough,  surely,  to 
indicate  that  the  two  regions  bring 
to  mind  an  area  of  more  or  less 
definite  boundaries,  even  though 
opinions  differ  widely.  There  has 
been  a  tendency  in  some  recent  pub¬ 


lications  to  push  the  northern  boun¬ 
dary  of  Southern  Illinois  still  far¬ 
ther  north.  This  trend  has  been  evi¬ 
denced  also  by  the  fact  that  South¬ 
ern  Illinois  University  has  extended 
its  sphere  of  influence  beyond  the 
traditional  B.  &  0.  Railroad  boun¬ 
dary,  as,  for  example,  the  establish¬ 
ment  of  a  branch  of  Southern  Illi¬ 
nois  University  at  Alton. 

Where  the  northern  boundary  of 
Southern  Illinois  should  be  placed 
evidently  depends  on  individual 
preference  and  needs,  as  much 
with  geographers  as  with  other  re¬ 
searchers.  There  is  little  in  the  liter¬ 
ature  concerning  Egypt,  and  that 
area  is  less  well  defined  than  is 
Southern  Illinois.  Only  one  publica¬ 
tion  actually  was  accompanied  by  a 
map  of  Egypt,  and  the  boundary 
strictly  followed  county  boundaries. 


DISSOLUTION  OF  FERRIC  HYDROXIDE  IN 
SEQUESTERED  ALKALI 

H.  J.  FERLIN,  P.  SNIKERIS,  AND  J.  V.  KARABINOS 

Olin  Mathieson  Chemical  Corporation,  Joliet 


Sodium  gluconate  and  certain 
other  sequestering  agents  in  alka¬ 
line  solutions  have  been  recommend¬ 
ed  for  the  derusting  of  iron  and 
steel.  This  article  is  concerned  with 
a  quantitative  approach  to  the  solu¬ 
bility  of  precipitated  ferric  hydrox¬ 
ide  in  sodium  hydroxide  solutions 
containing  various  sequestering 
agents  and  under  a  variety  of  condi¬ 
tions. 

Experimental  Details 

Pre l in i i n ary  e xp e rin vents . — In  the 
early  stages  of  this  work  we  found 
that  the  condition  of  the  iron  oxide 
or  hydroxide  greatly  affected  its  sol¬ 
ubility  in  sequestered  caustic  solu¬ 
tions.  For  example  various  ferric  ox¬ 
ide  preparations  and  powdered  rust- 
possessed  very  low  solubility  in  se¬ 
questered  alkali  whereas  freshly  pre¬ 
cipitated  ferric  hydroxide  dissolved 
more  readily.  In  addition,  ferric  hy¬ 
droxide,  upon  standing  even  in  moist 
condition  became  less  soluble  in  se¬ 
questered  alkali  so  that  subsequent 
experiments  were  always  carried  out 
with  freshly  precipitated  ferric  hy¬ 
droxide. 

Analysis  for  iron. —  A  standard 
analytical  procedure  was  used  for 
the  analysis  of  the  iron  dissolved  by 
the  alkaline  solutions.  A  25-ml.  ali¬ 
quot  containing  0.004  moles  of  iron, 
in  most  cases,  was  acidified  slightly 
with  hydrochloric  acid  and  one  ml. 
of  potassium  iodide  solution  (120  g. 

KI  per  200  ml.  of  water)  was  added  in 
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along  with  one  ml.  of  soluble  starch 
solution.  The  solution  was  titrated 
with  0.1  N  sodium  thiosulfate  solu¬ 
tion  to  the  discharge  of  the  blue, 
purple,  and  finally  the  pink  color. 

Preparation  of  ferric  hydroxide. 
— A  molar  solution  of  ferric  chloride 
hexahydrate  was  prepared.  Forty 
ml.  of  this  solution  (0.04  moles  of 
iron)  were  treated  with  20  ml.  of 
concentrated  ammonium  hydroxide, 
and  the  precipitated  ferric  hydrox¬ 
ide  was  collected  by  filtration  and 
washed  with  distilled  water. 

I)  is  soh  i  lion  e  x  per  in  lents . — -Ap  p  r  o  - 
priate  amounts  of  sodium  hydrox¬ 
ide  pellets  and  sequestering  agent 
were  weighed  into  a  250-ml.  volu¬ 
metric  flask,  and  a  clear  solution 
was  prepared  using  carbon  dioxide- 
free  (boiled)  distilled  water.  This 
solution  was  added  to  the  0.04  moles 
of  freshly -precipitated  ferric  hy¬ 
droxide  and  the  mixture  was  stirred 
mechanically  for  varying  periods  of 
time.  Approximately  35-ml.  aliquots 
were  removed  periodically  and  the 
ferric  hydroxide  which  had  not  dis¬ 
solved  was  removed  by  centrifuga¬ 
tion.  A  25-ml.  aliquot  of  the  clear 
supernatant  mother  liquor  repre¬ 
senting  0.004  moles  of  iron  in  the 
original  mixture  was  analyzed  for 
its  iron  content  by  the  above-de¬ 
scribed  procedure. 

Discussion  of  Results 

Figure  1  illustrates  the  variation 
the  quantity  of  ferric  hydroxide 
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Fig.  1 — Dissolution  of  0.01  to  0.06 
moles  of  ferric  hydroxide  per  250  ml.  of 
3%  sodium  hydroxide  containing  0.3% 
sodium  gluconate. 

dissolved  in  3%  sodium  hydroxide 
containing  0.3%  sodium  gluconate 
over  a  period  of  two  hours.  In  this 
experiment  it  becomes  apparent  that 
the  amount  of  ferric  hydroxide  dis¬ 
solved,  that  is  the  percent  of  the 
total  ferric  hydroxide  present,  be¬ 
gins  to  level  off  after  a  two-hour 
period.  Therefore,  in  future  experi¬ 
ments  either  a  one-  or  two-hour  mix¬ 
ing  time  was  employed  and  we  ar¬ 
bitrarily  used  0.004  of  a  mole  of 
ferric  hydroxide  per  each  25-ml.  ali¬ 
quot  since  this  concentration  of  iron 
appeared  to  give  the  greatest  weight 
percent  dissolution. 

In  earlier  experiments  it  was 
found  that  if  the  sodium  hydroxide- 
sodium  gluconate  solutions  were  al¬ 


lowed  to  stand  overnight  in  glass 
containers  the  dissolution  of  ferric 
hydroxide  by  these  solutions  was 
somewhat  poorer  than  by  freshly 
prepared  solutions.  This  was  attrib¬ 
uted  to  the  presence  of  silicate  in 
these  caustic  solutions  and  it  was 
found  that  introduction  of  a  small 
amount  of  sodium  silicate  into  the 
chelated  sodium  hydroxide  solutions 
did  indeed  reduce  the  capacity  of 
the  solution  for  the  dissolution  of 
ferric  hydroxide.  Another  factor 
which  appeared  to  affect  adversely 
the  dissolution  of  iron  was  the  pres¬ 
ence  of  carbon  dioxide.  Upon  bub¬ 
bling  this  gas  through  the  chelated 
caustic  solution  while  mixing  with 
ferric  hydroxide,  substantially  less 


Fig.  2. — Dissolution  of  0.04  mole  of 
ferric  hydroxide  per  250  ml.  of  3% 
sodium  hydroxide  containing  varying 
amounts  of  sodium  gluconate. 
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Fig.  3. — Dissolution  of  0.04  mole  of 
ferric  hydroxide  in  250  ml.  of  0.3%  sodi¬ 
um  gluconate  solution  containing  vary¬ 
ing  amounts  of  sodium  hydroxide. 

iron  was  dissolved.  Therefore,  all 
solutions  were  prepared  with  carbon 
dioxide-free  water. 

The  effect  of  the  amount  of  so¬ 
dium  gluconate  on  the  dissolution 
of  ferric  hydroxide  was  next  studied. 
To  a  250-ml.  solution  containing  0.04 
mole  of  iron  and  3%  sodium  hydrox¬ 
ide  varying  percentages  of  sodium 
gluconate  from  0.1  to  1.2%  were 
added.  The  percentage  of  the  total 
iron  present  which  dissolved  over  a 
one-  and  two-honr  period  at  28° 
and  66°  C.  was  measured  and  the  re- 
sults  are  shown  in  Figure  2.  It  be¬ 
comes  apparent  that  in  all  cases  ap¬ 
proximately  0.5%  sodium  gluconate 
gave  optimum  results  and  that  the 
66°  C.  temperature  and/or  a  two- 
hour  mixing  time  gave  greater  disso¬ 
lution  of  the  ferric  hydroxide.  It  is 
interesting  to  calculate  the  molar 


ratio  of  sodium  gluconate  which 
gave  optimum  dissolution  of  the  fer¬ 
ric  hydroxide.  At  66°  with  a  two- 
honr  mixing  time,  85%  of  the  0.004 
mole  of  iron  per  25-ml.  aliquot  was 
dissolved  by  0.5%  or  125  mg.  of 
sodium  gluconate.  Therefore,  0.0034 
moles  of  iron  were  sequestered  by 
0.00057  moles  of  sodium  gluconate 
or  approximately  six  moles  of  iron 
per  mole  of  sodium  gluconate  under 
these  conditions. 

Another  series  of  experiments  was 
carried  out  by  varying  the  caustic 
strength  of  the  solution  as  illus¬ 
trated  in  Figure  3.  In  this  case  0.04 
moles  of  ferric  hydroxide  per  250 
ml.  of  various  caustic  solutions  con¬ 
taining  0.3%  sodium  gluconate  were 
mixed  one  and  two  hours  at  25°  and 
66°  C.  The  caustic  strength  was  va¬ 
ried  from  1  to  10%  and  it  became 

Table  1. — Percent  Dissolution  of  0.04 
Moles  of  Ferric  Hydroxide  per  250  ml. 
of  3%  Sodium  Hydroxide  and  0.4% 
Chelating  Agent  at  25°  C.  for  Two  Hours. 


Chelating  agent 

%  ferric 
hydroxide 
dissolved 

Sodium  gluconate 

70-75 

Potassium  acid  saccliarate 

78 

Sodium  D-gluconate 

85 

Sodium  D-mannonate 

74 

C-29* 

74-78 

Sodium  D-glucoheptonate 

75 

Sodium  D-galactoheptonate 

65 

Sodium  D-galactonate 

60 

Sodium  mucate 

5 

Sodium  glucuronate 

4 

Sodium  galacturonate 

1 

Versene  Fe-3  specific 

0.8 

Versene 

0.06 

Sodium  tripolyphosphate 

0.06 

Tetrasodium  pyrophosphate 

0.06 

*  A  commercial  sequestering  agent  pro¬ 
duced  by  Blockson  Chemical  Company. 
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evident  that  optimum  dissolution  of 
ferric  hydroxide  occurred  with  from 
2  to  4%  sodium  hydroxide. 

After  the  optimum  conditions  had 
been  established  for  the  dissolution 
of  ferric  hydroxide  by  sodium  glu¬ 
conate  in  sodium  hydroxide  solution 
a  number  of  other  sugar  acids  and 
other  chelating  agents  were  substi¬ 
tuted  for  the  sodium  gluconate  and 
the  dissolution  of  ferric  hydroxide 
was  measured.  The  results  obtained 
ere  compared  to  sodium  gluconate 
in  Table  1. 


Summary 

The  above -described  experiments 
indicate  that  the  polyhydroxy  mono- 
carboxylic  acids  such  as  gluconic 
acid  possess  the  ability  to  dissolve 
ferric  hydroxide  in  caustic  solutions. 
The  optimum  conditions  indicate  the 
use  of  3%  sodium  hydroxide  with 
0.5%  sugar  acid  for  two  hours  us¬ 
ing  freshly  precipitated  ferric  hy¬ 
droxide.  It  should  be  emphasized 
that  the  oxides  or  hydroxides  of  iron 
as  found  in  rust  are  not  as  readily 
soluble  in  these  chelated  solutions. 


NOTES  ON  A  WINTERING  FLOCK  OF 
LONG-EAR E I )  0  WLS 


DALE  BIRKENHOLZ 

Southern  Illinois  University,  Carhondale 


Introduction 

While  the  winter  range  of  the 
long-eared  owl,  Asio  otus,  includes 
Southern  Illinois  (A.  O.U.,  1958: 
287),  reports  of  its  occurrence  there 
are  few.  Forbes  and  Gross  (1923: 
440)  recorded  them,  and  Rid g way 
(1881:187)  classed  the  species  as  a 
resident  in  Southern  Illinois.  Smith 
and  Parmalee  (1955:37)  gave  no  ac¬ 
count  of  the  bird  in  this  region. 
Most  recently  published  records  in¬ 
clude  that  of  a  specimen  collected 
by  W.  D.  Klimstra  (SIU  A189)  on 
December  21,  1953,  Carbondale,  Illi¬ 
nois,  and  an  individual  found  dead 
(SIU  A191)  in  the  same  area  five 
days  later  by  Richard  Brewer  (Nat. 
And.  Soc.,  1954).  A  wintering  flock 
of  these  birds  utilized  the  Southern 
Illinois  University  Striplands  Re¬ 
search  Area,  2  miles  west  of  Pyatt 
in  Perry  County,  Illinois,  as  a  roost¬ 
ing  site.  A  study  of  the  flock  was 
made  from  December  29,  1956,  to 
April  8,  1957. 

Roosting  Site  and  Movements 

Plantations  consisting  mostly  of 
short]  eaf  pine,  Pinus  echinata,  are 
relatively  common  in  those  areas  of 
Perry  County  previously  stripped 
for  coal.  A  15-acre  shortleaf  pine 
plantation  was  used  by  a  flock  of 
long-eared  owls  for  roosting  during 
the  winter  of  1956-1957.  Trees  av¬ 
eraged  15  years  of  age,  8  to  25  feet 
in  height  and  3  to  9  inches  in  diame¬ 


ter.  In  some  locations  trees  were  only 
four  feet  apart.  Such  dense  conifer¬ 
ous  cover  seems  to  be  preferred  by 
long-eared  owls  for  winter  roosting 
sites  (Bent,  1938:153). 

The  sites  of  three  roosts  were 
small.  Averaging  six  trees  in  extent, 
each  covered  an  area  not  over  250 
square  feet.  As  many  as  seven  owls 
used  one  tree. 

The  main  group  of  10  to  15  birds 
used  three  different  localities.  When 
first  observed  (December  29,  1956) 
they  were  roosting  near  the  center 
of  the  plantation.  The  number  of 
pellets  collected  and  lack  of  evidence 
of  roosting  elsewhere  indicated  that 
the  owls  had  used  this  site  since  mid- 
December.  On  January  10,  a  new 
roosting  site  was  established  150 
yards  northeast  of  the  first.  It  was 
occupied  until  February  11.  Occa¬ 
sional  use  of  the  original  site  was 
made  by  two  to  seven  birds.  On  Feb¬ 
ruary  11,  the  second  roost  was  va¬ 
cated,  the  birds  moving  to  an  area 
near  the  south  edge  of  the  planta¬ 
tion.  Throughout  the  late  winter  and 
early  spring  no  further  change  was 
observed.  Roosting  in  a  compact 
group  continued  as  long  as  the 
birds  remained  in  the  stripland  area 
(April  8,  1957). 

Some  birds  roosted  occasional lv  in 

*/ 

nearby  habitats.  Four  similar  locali¬ 
ties  within  a  two-mile  radius  of  the 
roosting  site  were  searched  periodic¬ 
ally.  Long-eared  owls  were  observed 
in  two  of  these:  4  birds,  1.5  miles 
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northeast;  and  3  birds,  1.5  miles 
southeast  of  the  roost.  Sign  indi¬ 
cated  that  neither  group  had  roosted 
at  these  locations  more  than  two 
days,  and  no  additional  evidence  of 
roosting  was  noted  in  the  vicinity. 
Random  wandering  from  the  main 
roost  may  have  accounted  for  these 
occurrences. 


Food 

The  restricted  area  of  the  roosts 
facilitated  pellet  collecting.  A  total 
of  1,314  pellets  was  obtained  at  in¬ 
tervals  of  approximately  10  days. 
Contents  of  pellets  were  identified 
by  comparison  with  specimens  in  the 
reference  collections  of  the  Coopera¬ 
tive  Wildlife  Research  Laboratory. 
Only  skulls  or  parts  of  skulls  were 
used  to  establish  numbers  of  animal 
items  in  food.  Most  bone  remains 
were  readily  identifiable,  as  noted  al¬ 
so  bjr  Errington  (1930:293).  The 
number  of  pellets  collected  indicated 
that  approximately  one  pellet  per 
owl  per  day  was  deposited. 

An  average  of  1.7  food  items  was 
identified  in  each  pellet ;  Wilson 
(1938:189)  reported  a  similar  ratio. 
Most  bird  remains  were  of  wintering 
fringillids  (Table  1).  Small  mam¬ 
mals  constituted  98%  of  the  identi¬ 
fiable  diet  with  4  species  furnishing 
92.8%  (Table  1).  Other  authors  re¬ 
port  the  following  :  Errington  (1932  : 
179-180)  99.66%  mammals  of  which 
83.8%  were  Microtus  and  15.0% 
Peromyscus ;  Scott  (1946:447)  97% 
mammals  (Microtus,  55.2%,  and  Pe¬ 
romyscus,  19.0%);  and  Wilson 
(1938:189)  99%  mammals  (Micro¬ 
tus,  75%,  and  Peromyscus,  10%). 
The  higher  percentages  of  least 
shrew  (20.8%)  and  house  mouse 
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Fig.  1. — Percent  individual  occurrence 
of  small  mammals  in  diet  of  long-eared 
owls,  Pyatt  Area,  Illinois,  winter,  1956- 
1957. 


(11.1%)  recorded  in  the  present 
study  (Table  1)  constitute  the  main 
differences  from  earlier  reports. 

Trends  in  the  use  of  mammals 
were  evident.  Remains  of  three  juve¬ 
nile  cottontail  rabbits  were  found  in 
pellets  collected  in  March.  White¬ 
footed  mice  and  house  mice  re¬ 
mained  relatively  constant  in  pellets 
collected  throughout  the  winter 
(Fig.  1).  Recovery  of  prairie  voles 
and  least  shrews  was  almost  equal 
in  December  (least  shrew,  32.7%, 
and  prairie  vole,  31.8%  individual 
occurrence).  In  the  period  March 
1-8  the  occurrence  of  the  least  shrew 
had  declined  to  1.4%,  while  that  of 
the  prairie  vole  had  increased  to 
74.3%.  When  plotted  (Fig.  1),  these 
percentages  reflect  almost  a  mirror 
image  of  each  other. 

The  average  number  of  skulls  of 
shrews  in  each  pellet  containing  this 
animal  was  1.7  for  December,  1.5 
for  January,  1.2  for  February,  and 
1.0  for  March.  Many  pellets  collected 
in  December  and  January  contained 
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Table  1— Winter  Diet  of  Long-eared  Owls,  Pyatt  Area,  Illinois,  Winter,  1956-1957. 


N  umber 

Percent 

Food  item 

food  items 

occurrence 

Prairie  vole,  Microtus  ochrogaster . 

1080 

47.8 

Least  shrew,  Cryptotis  parva . 

470 

20.8 

White-footed  mice,  Peromyscus . 

295 

13.1 

House  mouse,  M us  musculus . 

261 

111 

Birds* . 

34 

1  5 

Miscellaneous** . 

35 

1  5 

Unidentified . 

94 

4  2 

*Unidentified  fringillid  birds . 

11 

Unidentified  birds . 

7 

Tree  sparrow,  Spizella  arbor ea . 

5 

Junco,  Junco  hy emails . 

5 

Field  sparrow,  Spizella  pusilla . 

2 

Rusty  blackbird,  E uphagus  carolinus . 

2 

English  sparrow,  Passer  domesticus . 

1 

White-throated  sparrow,  Zonotrichia  albicollis . 

1 

**Short-tailed  shrew,  Blarina  brevicauda . 

10 

Bog  lemming,  Synaptomys  cooperi . 

10 

Cottontail  rabbit,  Sylvilagus  floridanus . 

3 

Insects,  Carabidae  and  Dytiscidae . 

2 

two  to  four  skulls  of  C.  parva  with 
as  many  as  five  present  in  one  pellet. 

The  above  data  might  indicate 
that  shrews  were  more  numerous 
and  more  easily  taken,  or  preferred 
early  in  the  winter.  Also,  vole  popu¬ 
lations  evidently  held  up  through¬ 
out  the  winter  more  than  those  of 
shrews.  Whatever  the  reason,  a  grad¬ 
ual  change  in  food  habits  of  these 
long-eared  owls  occurred  as  winter 
progressed. 

Summary 

A  wintering  flock  of  long-eared 
owls  was  studied  on  the  Southern 
Illinois  University  Striplands  Re¬ 
search  Area,  Pyatt,  Illinois  from  De< 
cember  29,  1956,  to  April  8,  1957. 
Roosts  were  small  in  size,  averaging 
six  trees  in  extent  and  covering  an 
area  of  not  more  than  250  square 


feet.  A  total  of  1,314  pellets  was 
examined.  An  average  of  1.7  food 
items  was  identified  in  each  pellet. 
Small  mammals  constituted  98%  of 
the  diet  with  4  species  furnishing 
92.8%  ( M .  ocJirogaster,  47.8%  ;  C. 
parva,  20.8%  ;  Peromyscus,  13.1%  ; 
and  M.  musculus,  11.1%).  A  gradual 
change  in  food  habits  occurred  as 
winter  progressed. 
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THE  ILLINOIS  JUNIOR  ACADEMY  OF  SCIENCE 


H.  NEIL  HARDY 

Lincoln-Way  Community  High  School,  New  Lenox 


In  1927  a  group  of  high -school 
science  teachers  who  were  interested 
in  student  project  work  and  college 
teachers  who  saw  promise  in  proj¬ 
ect-type  activities  for  young  scien¬ 
tists  joined,  and,  under  the  auspices 
of  the  Illinois  State  Academy  of  Sci¬ 
ence,  formed  the  Illinois  Junior 
Academy  of  Science  Committee. 
Through  the  years  the  activities  of 
the  Junior  Academy  Committee  have 
grown  from  one  meagerly  attended 
annual  meeting  to  ten  district  meet¬ 
ings  throughout  the  state  as  well  as 
an  annual  state  meeting  where  the 
best  projects  from  the  ten  district 
meetings  are  exhibited. 

The  Illinois  State  Academy  of  Sci- 
ence  has  counseled,  supported,  and 
guided  the  activities  of  the  Junior 
Academy.  The  close  relationship  be¬ 
tween  the  juniors  and  seniors  has 
been  very  helpful  and  inspiring  to 
science  teachers  and  to  students  en¬ 
gaged  in  individual  or  group  proj¬ 
ect  work.  Senior  Academy  members 
serve  as  consultants  in  individual 
high  schools  throughout  the  state, 
helping  students  select,  attack,  and 
draw  conclusions  from  their  inves¬ 
tigations.  Other  Senior  Academy 
members  serve  as  speakers  for  sci¬ 
ence  club  meetings,  class  groups,  and 
science  banquets.  Senior  Academy 
members  also  give  generously  of 
their  time  to  serve  as  judges  for  the 
district  and  state  exhibits  of  student 
projects.  This  close  association  of 
the  professional  scientists,  the  teach¬ 
ers,  and  the  young  science  students 
results  in  a  mutual  understanding 


and,  in  many  cases,  an  inspiration 
to  those  involved. 

The  four-fold  aims  of  the  Junior 
Academy — to  increase  student  inter¬ 
est  in  science,  to  encourage  the  young 
people  of  the  state  to  choose  scien¬ 
tific  careers,  to  give  individual  stu¬ 
dents  experience  in  solving  scientific 
problems,  and  to  improve  science 
teaching — are  being  realized  through 
various  activities.  These  Junior 
Academy  activities  are  sponsored 
through  local  science  clubs  and  dis¬ 
trict  and  state  meetings.  The  315  sci¬ 
ence  clubs  which  are  affiliated  with 
the  Illinois  Junior  Academy  of  Sci¬ 
ence  receive  a  membership  certificate, 
the  Illinois  Junior  Academy  of  Sci¬ 
ence  Handbook,  the  District  Newslet¬ 
ter,  the  State  Newsletter,  and  a  copy 
of  the  Illinois  Junior  Academy  of 
Science  Y  earl)  o  ok.  Club  members 
may  become  student  officers,  exhibit 
their  projects  at  district  meetings, 
participate  in  the  Illinois  State  Sci¬ 
ence  Talent  Search,  present  scientific 
papers,  and  exhibit  their  projects  at 
the  annual  state  meeting  of  the  Jun¬ 
ior  Academy. 

Meetings 

The  Illinois  Junior  Academy  of 
Science  holds  ten  district  science 
meetings,  the  winners  of  which  ad¬ 
vance  to  a  state  meeting  where  final 
awards  are  made.  Individual  schools 
are  encouraged  to  hold  a  local  sci¬ 
ence  open  house  where  students  ex¬ 
hibit  and  discuss  their  investigations 
with  judges,  scientists,  and  laymen. 
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The  winners  of  local  science  exhibits, 
or  any  interested  student,  may  enter 
one  of  the  district  meetings.  Their 
work  is  rated,  not  in  competition 
with  other  exhibitors,  but  against  a 
set  standard.  District  ratings  given 
are  as  first,  award,  second  award, 
third  award,  or  honorable  mention. 

Students  who  receive  a  first  award 
at  one  of  the  district  meetings  are 
eligible  to  participate  in  the  state 
meeting.  Approximately  20  per  cent 
of  the  district  exhibits  receive  a  first 
award  and  advance  to  the  state  level. 
Five  awards  are  given  at  the  state 
meeting. 1  1  Outstanding  Awards  ’  ’  are 
given  to  approximately  5  per  cent  of 
the  best  projects  by  the  Illinois  State 
Academy  of  Science.  Other  awards 
are  as  in  the  district  meetings.  All 
participating  students  receive  an 
award.  Judging  teams  are  composed 
of  scientists  from  industry,  college 
and  university  instructors,  and  high- 
school  teachers.  The  names  of  out¬ 
standing  award  winners  are  read  at 
the  Annual  Awards  Banquet,  and 
they  are  recommended  to  colleges 
and  universities  for  scholarships. 

The  local  and  district  meetings 
provide  an  opportunity  for  many 
students  to  participate  in  good  proj¬ 
ect  work  and  for  many  more  to  ob¬ 
serve  it.  The  1958  state  meeting  had 
976  exhibits  and  more  than  1,300  ex¬ 
hibitors.  Approximately  5000  proj¬ 
ects  were  judged  in  the  10  district 
meetings.  It  is  impossible  to  estimate 
the  total  number  of  participants  in 
the  local  science  exhibits.  However, 
the  judging  at  local  schools  is  fre¬ 
quently  more  severe  than  that  en¬ 
countered  at  district  meetings.  Such 
project  work,  where  students  and 
teachers  are  seeking  new  informa¬ 
tion  and  knowledge  through  research 


with  the  assistance  of  scientists  in 
industry  and  higher  education,  holds 
promise  for  the  future  scientists  of 
Illinois  and  the  nation. 

Papers 

Exhibitors  who  are  interested  in 
entering  state  competition  must  have 
a  paper  to  accompany  their  project. 
This  paper  must  contain  all  of  the 
essential  elements  of  a  research  re¬ 
port.  Preparing  this  report  helps  the 
student  to  carry  through  the  steps 
of  the  scientific  method  and  to  draw 
a  conclusion  concerning  his  work. 
This  procedure — setting  up  a  prob¬ 
lem  and  following  it  through  to  a 
conclusion — is  one  of  the  most  im¬ 
portant  objectives  of  project  work. 

Group  interest  meetings  and  spe¬ 
cial  scientific  programs  are  arranged 
for  district  and  state  meetings  when¬ 
ever  possible.  The  group  discussions 
at  the  annual  state  meetings,  where 
students  present  their  papers,  have 
met  with  success  because  they  give 
students  with  similar  interests  an 
opportunity  to  meet  together  and 
discuss  their  projects.  Discussion 
topics  generally  center  about  the 
problems  involved  in  completing 
their  projects  and  other  related  in¬ 
formation.  These  informal  sessions 
help  students  to  see  the  value  of  the 
work  others  are  doing  in  any  scien¬ 
tific  endeavor  and  to  develop  their 
appreciation  of  the  value  of  scientific 
literature. 

Other  Activities 

In  cooperation  with  Westinghouse 
and  Science  Service,  the  Academy 
sponsors  the  National  and  the  State 
Talent  Search.  Seniors  throughout 
the  state  who  rate  high  in  academic 
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ability  in  the  National  Science  Talent 
Search  are  honored  at  the  annual 
Junior  Academy  Awards  Banquet. 
To  the  list  of  national  winners  se¬ 
lected  by  Science  Service,  the  Acad¬ 
emy  Scholarship  Committee  adds 
other  deserving  individuals  for  rec¬ 
ognition  and  scholarship  considera¬ 
tion  in  the  state.  The  Illinois  State 
Academy  of  Science  makes  an  effort, 
to  secure  scholarships  for  these  stu¬ 
dents. 

Student  representatives  and  offi¬ 
cers  are  elected  in  each  of  the  ten 
districts.  District  chairmen  are  elect¬ 
ed  in  the  spring  of  their  sophomore 
year  and  serve  as  district  chairmen 
and  district  representatives  on  the 
state  board  during  their  junior  year. 
The  officers  for  the  state  board  are 
selected  from  these  district  repre¬ 
sentatives  in  the  spring  of  their  jun¬ 
ior  year.  They  serve  as  state  officers 
during  their  senior  year  in  high 
school.  These  officers  and  district 
representatives  meet  with  the  Illi¬ 
nois  Junior  Academy  Committee 
three  times  a  year  to  plan  and  di¬ 
rect  activities  in  the  state. 

Publications 

A  copy  of  the  Illinois  Junior  Acad¬ 
emy  of  Science  Handbook  is  avail¬ 
able  to  teachers  and  students  who 
are  interested  in  exhibiting  at  a 
Junior  Academy  meeting.  The  hand¬ 
book  explains  the  important  steps  in 
exhibiting  a  project,  the  judging 
procedures,  and  the  awards  given. 
Formation  of  a  science  club,  its 
functions,  and  its  activities  are  also 
discussed  in  the  handbook. 

An  annual  Illinois  Junior  Acad¬ 
emy  of  Science  Y earhook  contains 
pictures  and  a  discussion  of  the  out¬ 


standing  exhibits  at  the  state  meet¬ 
ing.  These  articles  contain  many 
valuable  ideas  for  students  who  are 
interested  in  preparing  an  exhibit. 
The  yearbook  lists  all  advisory  and 
student  officers,  sustaining  members 
(whose  support  makes  possible  the 
Junior  Academy  activities),  services 
of  the  I.  J.  A.  S.  to  clubs,  and  a 
current  list  of  meeting  places. 

Each  of  the  ten  district  chairmen 
prepare  a  district  newsletter  which 
explains  details  of  the  local  district 
meeting.  It  is  sent  to  all  interested 
junior  and  senior  high  schools.  The 
state  chairman  sends  two  or  three 
newsletters  each  year  to  registered 
clubs.  This  newsletter  discusses  plans 
for  the  state  meeting  and  general 
plans  and  problems  of  the  Junior 
Academy  Committee.  These  commu¬ 
nications  are  largely  responsible  for 
giving  unity  to  the  total  program. 

Junior  Academy  Committee 

The  Illinois  Junior  Academy  of 
Science  is  sponsored  by  the  Illinois 
State  Academy  of  Science.  The  gen¬ 
eral  chairman  of  the  Junior  Acad¬ 
emy  Committee  is  elected  by  the 
State  Academy.  He  is  also  a  mem¬ 
ber  of  the  State  Academy  Council. 
District  chairmen  from  each  of  the 
ten  Junior  Academy  districts  are  re¬ 
sponsible  for  conducting  the  local 
meetings,  and  they  serve  on  the  Jun¬ 
ior  Academy  Committee.  Other  mem¬ 
bers  of  the  Junior  Academy  Com- 
mittee  are  appointed  by  the  general 
chairman  with  the  approval  of  the 
Academy  Council.  The  Junior  Acad¬ 
emy  Committee  helps  plan  activities 
for  students  at  district  and  state 
meetings  and  serves  in  an  advisory 
capacity  to  the  Senior  Council. 
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The  activities  of  the  Illinois  Jun¬ 
ior  Academy  of  Science  are  sup¬ 
ported  through  contributions  from 
industry  and  interested  scientists. 
All  services  to  individual  science 
clubs  are  free. 

Additional  information  concerning 
the  Illinois  Junior  Academy  of  Sci¬ 
ence  may  be  secured  by  writing  to 
Dr.  W.  A.  Lindbeck,  General  Chair¬ 
man,  Illinois  Junior  Academy  of 
Science,  Northern  Illinois  Univer¬ 
sity,  DeKalb,  Illinois,  or  to  H.  Neil 
Hardy,  Publicity  Chairman,  Illinois 
Junior  Academy  of  Science,  Lincoln- 
Way  Community  High  School,  New 
Lenox,  Illinois. 


South  Suburban : 

Ill.  Institute  of  Tech. 
Chicago,  Ill. 

Northern  : 

Northern  Ill.  Univ. 
DeKalb,  Ill. 

Northwestern  : 

Knox  College 
Galesburg,  Ill. 


Central: 

Ill.  State  Normal  Univ. 
Normal,  Ill. 


Southwestern  : 
Illinois  College 
Jacksonville,  Ill. 


Southeastern  : 
Eastern  Ill.  Univ. 
Charleston,  Ill. 


Southern  : 

MEETINGS  OP  THE  ILLINOIS  Southern  Ill.  Univ. 


JUNIOR  ACADEMY  OP 
SCIENCE,  1959 

State:  May  8, 

University  of  Illinois 
Urbana,  Ill. 

North  Suburban:  April  11, 

Glenbrook  H.  S. 

Northbrook,  Ill. 


Carbondale,  Ill. 

Chicago  Public  Schools: 
1959  Museum  of  Science  and 
Industry,  Chicago,  Ill. 

Chicago  Area  Catholic 
1959  Schools: 

DePaul  University 
Chicago,  Ill. 


April  25,  1959 

April  11,  1959 

April  18,  1959 

April  18,  1959 

April  18,  1959 

April  18,  1959 

April  4,  1959 

April  16,  17, 
18,  19, 1959 

April  25,  1959 


NOTES  AND  NEWS 

By  MILTON  THOMPSON 


Henceforth,  the  Transactions  will  be 
issued  as  four  numbers  each  year.  Pa¬ 
pers  will  be  considered  for  publication  at 
any  time.  Manuscripts  are  to  be  sent 
to  the  Editor,  but  he  will  be  assisted  by 
the  new  Board  of  Editors  listed  on  the 
inside  of  the  front  cover.  There  may  be 
some  delay  in  establishing  regularity 
and  satisfactory  volume  of  publication 
because  of  the  changeover  to  the  new 
system  and  because  of  the  lack  of  funds, 
but  it  is  expected  that  these  difficulties 
will  be  overcome  within  one  year. 


This  section  of  notes  and  news  will  be 
edited  by  Mr.  Milton  Thompson ,  Illinois 
State  Museum,  Springfield,  and  items 
should  be  sent  directly  to  him.  However, 
each  member  should  consider  himself  to 
be  an  “editor-at-large”  and  help  us 
gather  items  of  special  interest.  We 
particularly  wish  this  part  of  the  Trans¬ 
actions  to  be  a  record  of  personal  aspects 
of  the  membership  and  to  include  notices 
of  honors,  fellowships,  awards,  new  pro¬ 
grams,  appointments,  etc.  We  hope  thus 
to  form  a  “pipeline”  of  information  of 
and  for  our  members. 


Since  the  spring  meeting  several  mem¬ 
bers  have  received  fellowship  awards. 
Dr.  Harris  E.  Phipps ,  Chairman  of  the 
Department  of  Chemistry,  Eastern  Illi¬ 
nois  University,  has  been  granted  one  by 
the  National  Science  Foundation  to  study 
during  1958-59  with  Drs.  Linus  Pauling 
and  Glenn  Seaborg  in  California.  Miss 
Wanda  Barnett ,  a  teacher  of  science  in 
the  Murphysboro  Township  High  School, 
is  the  recipient  of  a  grant  for  an  eight- 
week  summer  course  at  the  American 
University,  through  the  National  Science 
Foundation.  Another  National  Science 
Foundation  Fellowship  has  been  given 
Miss  Beatrice  Flori,  science  teacher  at 
Kewanee  High  School,  to  study  at 
Pomona,  California.  Grants  from  the 
Foundation  have  also  been  received  by 
Miss  Joan  Hunter,  science  teacher  at 
Edwardsville  and  past-president  of  the 
Illinois  Academy  of  Science,  for  study 
at  the  summer  institute  for  teachers  at 
Baylor  University,  and  by  Mr.  Robert 
Walker,  a  high -school  science  teacher  at 
LaGrange,  for  study  at  Boulder,  Colo¬ 
rado. 


Extended  field  experience  in  zoology 
and  vertebrate  paleontology  is  offered 


through  programs  being  developed  by 
the  Department  of  Zoology  at  Southern 
Illinois  University.  Credit  courses  are 
offered  for  field  trips  of  four  to  eight 
weeks’  duration.  Last  summer  the  trip 
was  to  northeastern  Colorado. 


The  Minnesota  Academy  of  Science 
has  received  a  grant  of  $14,300  from  the 
Hill  Family  Foundation  of  St.  Paul.  The 
grant  will  be  used  in  conjunction  with 
other  grants  to  establish  a  “statewide 
laboratory”  for  improving  liigh-school 
mathematics.  Specifically,  the  grant  is 
to  support  a  team  to  turn  out  new  ma¬ 
terials  aimed,  at  first,  at  the  seventh 
and  eighth-grade  levels. 


The  College  of  Liberal  Arts  and 
Sciences  at  Southern  Illinois  University 
has  established  an  apprentice-type  pro¬ 
gram  for  training  college  teachers  at 
the  Master’s  Degree  level.  Science  stu¬ 
dents  in  the  program  will  fulfill  require¬ 
ments  for  the  degree  at  the  same  time 
they  are  teaching,  under  close  super¬ 
vision,  in  the  courses  offered  in  the  Col¬ 
lege. 


Dr.  Dalias  Price,  formerly  Associate 
Professor  of  Geography  at  Southern  Illi¬ 
nois  University,  became  Chairman  of  the 
Department  of  Geography,  Eastern  Illi¬ 
nois  UnWersity,  on  September  1,  1958. 


Dr.  Paul  W.  Parmalee  of  the  Illinois 
State  Museum  and  Dr.  J.  Charles  Kelley. 
Dr.  Albert  Hendricks,  Mr.  Howard  Win¬ 
ters,  and  Mr.  Russell  Peithman  of  South¬ 
ern  Illinois  University  cooperated  this 
past  summer  on  research  at  the  site  of 
excavation  of  Southern  Illinois  Uni¬ 
versity’s  ceremonial  mound  at  Durango, 
Mexico. 


Dr.  Robert  O.  Rilett  assumed  his  duties 
as  Head  of  the  Department  of  Biological 
Science  at  Illinois  State  Normal  Uni¬ 
versity  on  September  1,  1958.  He  had 
been  a  member  of  the  faculty  of  the 
University  of  Buffalo  since  1946. 


Mr.  PI.  Neil  Hardy  of  Lincoln-Way 
Community  High  School  of  New  Lenox 
will  in  the  future  collect  and  edit  items 
concerning  the  Junior  Academy.  Please 
see  that  he  hears  about  any  newsworthy 
events. 
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AQUATIC  BIOLOGY 

WILLIAM  M.  LEWIS,  Chairman 
Southern  Illinois  University,  Carbondale 

A  Preliminary  Survey  of  the  Fishes  of  the  Upper  Illinois  River.  William  C.  Starrett, 
Arnold  W.  Fritz,  and  James  LaBuy,  Illinois  Natural  History  Survey,  Havana, 
Illinois  Department  of  Conservation,  Havana  and  Macomb. 

Early  Naturalists  in  Southern  Illinois.  I.  Charles  A.  Lesueur,  W.  M.  Gersbaclier, 
Southern  Illinois  University,  Carbondale. 

The  Analysis  of  an  Environment  as  Suggested  by  Freshwater  Mussel  Shells  Dis¬ 
carded  by  Indians  of  Illinois.  Max  R.  Matteson,  University  of  Illinois,  Urbana. 

Variations  in  Condition  of  Fishes  at  Lake  Chautauqua.  William  C.  Starrett,  Illinois 
Natural  History  Survey,  Havana. 

The  Biology  of  the  Crayfishes  of  Illinois.  Paul  L.  Brown,  Southern  University, 
Baton  Rouge,  Louisiana. 

Notes  on  the  Life  History  of  the  Steelcolored  Minnow.  William  M.  Lewis,  Southern 
Illinois  University,  Carbondale. 

Age  and  Rate  of  Growth  of  the  Yellow  Bass  in  Reelfoot  Lake.  Robert  J.  Schoffman, 
Spalding  Institute,  Peoria. 

Use  of  the  Photo-Electric  Eye  in  the  Measurement  of  the  Activity  of  Fishes.  Arthur 
A.  Myrberg  and  Hurst  Shoemaker,  University  of  Illinois,  Urbana. 

ARCHEOLOGY  AND  ANTHROPOLOGY 

WILLIAM  J.  BEESON,  Chairman 
University  of  Illinois,  Urbana 

Time  Perspective  from  Projectile  Points,  William  A.  Longacre,  University  of  Illi¬ 
nois,  Urbana. 

Pottery  Figurines  in  Illinois.  Nancy  L.  Engle,  Southern  Illinois  University,  Car¬ 
bondale. 

The  Haw  Creek  Site.  John  P.  Wilson,  University  of  Illinois,  Urbana.  The  Role 
of  the  Individual  in  Cultural  Change.  Samuel  Stanley,  University  of  Illinois, 
Urbana. 

Social  Change  on  the  Northeastern  Prairie.  Harold  W.  Scheffler,  University  of 
Chicago,  Chicago. 

Primitive  Medicine.  Romeo  B.  Garrett,  Bradley  University,  Peoria. 

Observational  and  Experimental  Methods  of  Gathering  Data.  Howard  S.  Maclay, 
University  of  Illinois,  Urbana. 

The  Hiser  Mounds.  Michael  P.  Hoffman,  University  of  Illinois,  Urbana. 

Archeology  of  the  DuPage  River  Drainage.  H.  Sanford  Gates,  Naperville. 

Prehistoric  Population  Patterns  in  the  Cache  River  Valley.  Howard  Winters,  South¬ 
ern  Illinois  University,  Carbondale. 

Excavation  at  the  Gamble  Site,  Lawrence  County,  Illinois.  James  Gillihan,  South¬ 
ern  Illinois  University,  Carbondale. 

Preliminary  Report  on  a  Red  Ochre  Mound.  Dan  Morse,  Peoria. 

BOTANY 

WAYNE  J.  McILRATH,  Chairman 
University  of  Chicago,  Chicago 

The  Transactions  at  Mid  Century.  Harry  R.  Skallerup  and  Angela  Battaglia,  South¬ 
ern  Illinois  University,  Carbondale. 
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Morphology  of  Colony  of  Bacillus  cereus  var.  mycoides.  Sister  Mary  Cecilia  Bod- 
man,  Mundelein  College,  Chicago. 

Cleistogamy  in  Viola.  Henry  W.  Radloff,  Jr.,  University  of  Illinois,  Urbana. 

Observations  on  Floral  Morphology  of  Some  Additional  Species  in  the  Gaultheriae. 
Barbara  F.  Palser,  University  of  Chicago,  Chicago. 

Forest  Tree  Species  Adaptation  Studies  in  Illinois.  Ralph  W.  Lorenz  and  J.  J. 
Jokela,  University  of  Illinois,  Urbana. 

An  Analysis  of  Radial  Growth  of  White  Oak  and  Sugar  Maple  During  1957  in  East 
Central  Illinois.  Harold  C.  Fritts,  Eastern  Illinois  University,  Charleston. 

Vegetative  Responses  of  Sugar  Maple.  Robert  J.  Kuster,  Valparaiso  University, 
Indiana. 

Basswood  Growth  and  Water  Uptake  at  Three  Root  Temperatures.  William  Clark 
Ashby,  University  of  Chicago,  Chicago. 

Changes  in  pH  of  the  Nutrient  Solution  in  Algae-contaminated  Cultures  of  Mar- 
chantia.  Paul  D.  Voth,  University  of  Chicago,  Chicago. 

Pigments  in  the  Embryo  of  Nelumbo  lutea.  S.  Lane  Wilson,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

Heat  Resistance  of  Sporocarps  of  Marsilea  quadrifolia.  AVilliam  W.  Bloom.  Val¬ 
paraiso  University,  Indiana. 

Inexpensive  Equipment  for  Micronutrient  Element  Studies  with  Plants.  Wayne  J. 
Mcllrath,  William  Clark  Ashby,  and  Lawrence  Bogorad,  University  of  Chicago, 
Chicago. 


CHEMISTRY 


Section  A 

K.  A.  VAN  LENTE,  Chairman 
Southern  Illinois  University,  Carbonclale 

Titration  of  5-Acetamidotetrazole  in  Nonaqueous  Media.  Eugene  Lieber  and  Edward 
Oftedahl,  DePaul  University,  Chicago. 

The  Stereochemistry  of  Certain  Cobalt  Complex  Compounds.  Sister  Mary  Mar- 
tinette,  Mundelein  College  for  Women,  Chicago. 

Solubilities  in  2-Methoxyethanol.  Russell  F.  Trimble,  Jr.,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

Polarographic  Determination  of  Acetone.  R.  E.  Van  Atta  and  D.  R.  Jamieson. 
Southern  Illinois  University,  Carbondale. 

Binding  Energies  of  LiH  and  LL.  B.  Musulin  and  D.  R.  Jamieson.  Southern  Illinois 
University,  Carbondale. 


Section  B 


E.  H.  HADLEY,  Presiding 
Southern  Illinois  University,  Carbondale 


W.  N.  Moulton  and  B.  J.  Wilson, 
J.  V.  Ivarabinos  and  E.  J.  Quinn, 


Indicator  Properties  of  Litmus  Components. 

Southern  Illinois  University,  Carbondale. 

Mechanism  of  Sequestration  by  Sugar  Acids. 

Blockson  Chemical  Company,  Joliet. 

A  Practical  Scaling  Test.  R.  B.  Colaric  and  J.  V.  Karabinos,  Blockson  Chemical 
Company,  Joliet. 

Dissolution  of  Ferric  Hydroxide  in  Sequestered  Alkalis.  H.  J.  Ferlin  and  J.  V. 

Karabinos,  Blockson  Chemical  Company,  Joliet. 

Testing  Wholesomeness  of  Irradiated  Beef.  J.  P.  Kreier,  E.  F.  Reber,  0.  P.  Malhotra, 
and  P.  D.  Beamer,  University  of  Illinois,  Urbana. 

The  Effects  of  Feeding  Irradiated  Flour  to  Dogs.  O.  P.  Malhotra,  E.  F.  Reber,  .).  P. 

Kreier,  and  H.  W.  Norton,  University  of  Illinois,  Urbana. 

The  Effect  of  Feeding  Several  Dietary  Concentrations  of  Sodium  to  Baby  Pigs. 
J.  W.  Yusken,  E.  F.  Reber,  and  H.  W.  Norton,  University  of  Illinois,  Urbana. 
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GEOGRAPHY 

REECE  A.  JONES,  Chairman 
Western  Illinois  University,  Mwcoml) 

Southern  Illinois  ancl  Little  Egypt.  Dalias  A.  Price,  Southern  Illinois  University, 
Carbondale. 

An  Analysis  of  the  Broiler  Chicken  Industry  on  the  Delmarva  Peninsula.  Kenneth 
R.  Martin.  Western  Illinois  University,  Macomb. 

An  Analysis  of  Farm  Organization.  Robert  T.  Smith,  Northwestern  University, 
Evanston. 

An  Analysis  of  Agricultural  Mechanization  in  the  Cliukurova  (Turkey).  John  Hilt- 
ner,  Jr.,  Northwestern  University,  Evanston. 

Nyasaland:  Geographical  Factors  Related  to  the  Decline  of  Permanent  European 
Agricultural  Population  Between  1859  and  1945.  Donald  R.  Petterson,  North¬ 
western  University,  Evanston. 

Isaiah  Bowman:  A  Professional  Leader  in  the  Making  of  Geography.  George  A. 
Knadler,  The  Principia  College,  Elsah. 

The  Western  Adirondack  Project — An  Experiment  in  Economic  Development. 
Robert  E.  Gabler,  Western  Illinois  University,  Macomb. 

Side-Tracked  Towns  in  East  Central  Illinois.  Charles  B.  McIntosh,  Eastern  Illinois 
University,  Chaileston. 

Trends  in  the  Selection  of  Power  Plant  Sites.  Martha  E.  Church,  University  of 
Chicago,  Chicago. 

Shopping  Center  Parking  Problems.  Stephen  M.  Sutherland,  University  of  Illinois, 
Urbana. 

Usefulness  of  Supplemental  Field  Data  in  Mapping  the  Severe  Short-Duration  Rain¬ 
storms.  Stanley  A.  Changnon,  Jr.,  Illinois  State  Water  Survey,  Urbana. 


GEOLOGY 

JOHN  C.  FRYE,  Chairman 
State  Geological  Survey,  Urbana 

A  Heavy  Mineral  Study  of  the  Underclay  of  the  Illinois  No.  2  Coal.  Walter  Parham, 
Illinois  State  Geological  Survey,  Urbana. 

The  Interdependence  of  Jointing,  Sheeting,  and  Topography.  Carleton  A.  Chap¬ 
man.  University  of  Illinois,  Urbana. 

Artificial  Groundwater  Recharge  at  Peoria,  Illinois.  Max  Suter,  Illinois  State  Water 
Survey,  Urbana. 

Glacially  Dammed  Lakes  in  and  Adjacent  to  Illinois.  Percival  Robertson,  The 
Principia  College,  Elsah. 

Some  Significant  Glacial  Deposits  and  Related  Features  Near  Ursa,  Illinois.  George 
E.  Ekblaw,  Illinois  State  Geological  Survey,  Urbana. 

Permafrost  Features  Near  the  Wisconsin  Glacial  Margin  in  Illinois.  John  C.  Frye 
and  H.  B.  Willman,  Illinois  State  Geological  Survey,  Urbana. 

PHYSICS 

RALPH  J.  MILLER,  Chairman 
Greenville  College,  Greenville 

Meson  Production  by  X-rays.  Louis  J.  Koester,  Jr.,  University  of  Illinois,  Urbana. 

Special  Problems  of  a  Physicist  in  Radiological  Civil  Defense  Survival  Planning. 
Otis  B.  Young,  Southern  Illinois  University,  Carbondale. 

Nuclear  Research  in  West  Germany  (1957).  Lester  I.  Bockstahler,  Northwestern 
University,  Evanston. 

Generation  and  Analysis  of  Musical  Tones.  Howard  C.  Roberts,  University  of  Illi¬ 
nois,  Urbana. 

Polarograpliic  Analysis  of  Zone  Melted  Samples.  R.  E.  Van  Atta  and  Martin  J. 
Arvin,  Southern  Illinois  University,  Carbondale. 

Growth  of  CdS  Crystals  by  Coevaporation  in  a  Vacuum.  Ralph  J.  Miller,  Greenville 
College,  Greenville. 
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SCIENCE  EDUCATION,  PSYCHOLOGY,  AND 

SOCIAL  SCIENCE 


A.  J.  HOFFMAN,  Chairman 
Eastern  Illinois  University ,  Charleston 

The  Rotometer,  a  New  Machine  for  Testing  Strength  and  Cardiovascular  Response 
to  Exercise.  Carl  M.  Tipton  and  Dari  M.  Hall,  University  of  Illinois,  Urbana. 
An  Evaluation  of  the  Methods  of  Measuring  and  Determining  Body  Type  and 
Growth.  Richard  A.  Berger  and  Dari  M.  Hall,  University  of  Illinois,  Urbana. 
Teaching  of  Chemistry  in  the  Elementary  Grades.  Calvin  P.  Midgley,  Antioch. 
Weighing  a  Pint  of  Air.  Melvin  O.  Foreman,  Eastern  Illinois  University,  Charleston. 
Recent  Studies  on  How  to  Identify  the  Academically  Talented  Pupil  who  has 
Creative  Ability  and  Scientific  Potential.  Murray  Lincoln  Miller,  Illinois  State 
Normal  University,  Normal. 

Vitalizing  Education.  Leo  F.  Koch,  University  of  Illinois,  Urbana. 


ZOOLOGY 

Section  A 

FLORENCE  M.  FOOTE,  Chairman 
{Southern  Illinois  University,  Carbondale 

The  Capillary:  Factors  Influencing  Fragility  and  Permeability.  Robert  H.  G. 
Monninger,  Stritch  School  of  Medicine,  Chicago. 

The  Hyoid  and  Larynx  in  Snakes.  David  L.  Langebartel,  University  of  Illinois, 
Urbana. 

Effect  of  Temperature  on  the  Daily  Locomotory  Activity  Rhythm  of  Two  Species 
of  Snakes.  Carlton  Heckrotte,  University  of  Illinois,  Urbana. 

Foods  Utilized  by  Three  Common  Southern  Illinois  Snakes.  W.  D.  Klimstra,  South¬ 
ern  Illinois  University,  Carbondale. 

Significance  of  Cloacal  Bursae  in  Turtles.  Hobart  M.  Smith,  University  of  Illinois, 
Urbana. 

Taxonomy  and  Distribution  of  the  Spadefoot  Toads  of  North  America.  Pete  S. 
Chrapliwy,  University  of  Illinois,  Urbana. 

A  Life  History  Study  of  the  Mourning  Warbler,  Oporornis  Philadelphia  (Wilson),  in 
Itasca  Park,  Minnesota.  George  W.  Cox,  University  of  Illinois,  Urbana. 

Studies  in  Bird  Mortality  at  Television  Towers.  1.  Mortality  at  WCIA  Tower, 
Seymour,  Illinois,  1955-1957.  Jack  A.  Ellis  and  Richard  Brewer,  Illinois  Natural 
History  Survey  and  University  of  Illinois,  Urbana. 

Studies  in  Bird  Mortality  at  Television  Towers.  2.  Calculations  of  Numbers  of 
Migrants.  Richard  Brewer  and  Jack  A.  Ellis,  University  of  Illinois  and  Illinois 
Natural  History  Survey,  Urbana. 

Notes  on  a  Wintering  Flock  of  Long-eared  Owls.  Dale  E.  Birkenholz,  Southern  Illi¬ 
nois  University,  Carbondale. 

Effectiveness  of  a  Crow  Trap  in  India.  G.  H.  Dungan,  University  of  Illinois,  Urbana. 

A  Comparison  of  the  Behavior  of  Coturnix  and  Bobwhite  Quail  under  Field  Trial 
Conditions.  Hurst  H.  Shoemaker,  University  of  Illinois,  Urbana. 


Section  B 

STEWART  C.  CHANDLER,  Presiding 
Carbondale 

The  Preparation  of  Protozoa  for  Staining  by  Embedding  in  an  Albumin  Gel.  Eugene 
W.  McArdle,  University  of  Illinois,  Urbana. 

Further  Studies  on  Eimeria  (Protozoa:  Eimeriidae)  from  Mexican  Rodents.  Virginia 
Ivens,  Francis  J.  Kruidenier,  and  Norman  D.  Levine,  University  of  Illinois, 
Urbana. 
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A  New  Species  of  Wellcomia  (Nematoda:  Oxyuridae)  in  the  Rock  Pocket  Mouse 
(Perognathus  intermedius)  of  Arizona  and  Studies  on  W.  evaginata  from  the 
Porcupine  (Erethizon  dorsatum).  F.  J.  Kruidenier  and  K.  N.  Mehra,  Uni¬ 
versity  of  Illinois,  Urbana. 

Mucosubstances  and  Encystation  of  Monostomate  (Pronocephalidae,  Notocotylidae) 
and  Amphistomate  (Paramphistomidae)  Cercariae.  F.  J.  Kruidenier,  University 
of  Illinois,  Urbana. 

The  Peach  Harvest  Surveys  in  Illinois,  1935  to  1957.  Stewart  C.  Chandler,  Formerly 
Illinois  Natural  History  Survey,  Carbondale. 

Strange  Behavior  in  a  Wasp.  Garland  T.  Riegel,  Eastern  Illinois  University, 
Charleston. 

Respiratory  Mechanisms  in  Aquatic  Bugs  (Hemiptera).  David  R.  Lauck,  University 
of  Illinois,  Urbana. 

Problems  in  the  Selection  of  Type  Genera  for  Orders  of  the  Ciliated  Protozoa.  John 
0.  Corliss,  University  of  Illinois,  Urbana. 

Aims,  Methods  and  Future  of  Taxonomy.  Luis  de  la  Torre,  Chicago  Natural  His¬ 
tory  Museum,  Chicago. 

Variability  in  Wild  and  Inbred  Mammalian  Populations.  Robert  S.  Bader,  Uni¬ 
versity  of  Illinois,  Urbana. 

Observations  of  the  Summer  Habits  of  Bats  in  Kentucky  Caves.  John  S.  Hall,  Uni¬ 
versity  of  Illinois,  Urbana. 

The  Future  of  the  Nutria,  Fur-Bearing  Rodent,  in  Illinois.  Donald  F.  Hoffmeister, 
University  of  Illinois,  Urbana. 

Some  Considerations  of  Human  Ecology,.  George  B.  Happ,  The  Principia  College, 
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EFFECTS  OF  FEEDING  SEVERAL  DIETARY 
CONCENTRATIONS  OF  SODIUM  TO  BABY  PIGS 

JOHN  W.  YUSKEN,  ELWOOD  F.  REBER,  and  HORACE  W.  NORTON 

University  of  Illinois ,  Urbana 


Introduction 

This  laboratory  lias  reported  the 
effects  of  diarrhea  on  sodium  reten¬ 
tion  by  pigs  (Reber  and  Whitehair, 
1955;  Reber  and  Yusken,  1956).  A 
level  of  2.34%  dietary  sodium  chlo¬ 
ride  appeared  to  be  beneficial  for 
baby  pigs  infected  with  transmissible 
gastroenteritis.  This  was  consider¬ 
ably  higher  than  the  0.5%  level 
recommended  by  the  National  Re¬ 
search  Council  (Hughes,  et  al.,  1944) 
for  healthy  weanling  pigs.  These 
findings  indicated  additional  inves¬ 
tigations  of  the  effects  of  feeding 
rations  containing  various  levels  of 
sodium  should  be  made,  and  this  is 
a  report  of  such  investigations.  The 
data  of  this  study  have  been  com¬ 
bined  with  data  from  previous  in¬ 
vestigations  for  statistical  analysis 
in  an  attempt  to  define  the  optimal 
level  of  sodium  to  be  included  in  a 
ration  fed  to  baby  pigs. 

Materials  and  Methods 

Hampshire  pigs  were  maintained 
in  individual  metabolism  cages  de¬ 
signed  for  quantitative  collection  of 
urine,  feces  and  uneaten  feed.  The 
ration  was  suspended  in  four  parts 
warm  water,  by  weight,  and  homog¬ 
enized  in  a  Waring  blendor.  If  the 
pig  ate  all  of  the  feed,  its  allotment 
was  increased  the  following  day. 
The  amount  of  feed  offered  never 
exceeded  that  of  the  previous  day  by 
more  than  4%.  Uneaten  feed  was 
collected  after  each  feeding.  Collec¬ 


tions  of  urine  and  feces  were  made 
at  various  intervals  ranging  from 
24  to  96  hours.  Urine  was  collected 
in  bottles  which  contained  sulfuric 
acid.  A  portion  of  the  urine  was 
stored  in  a  corked  flask  until  sodium 
analysis  could  be  performed.  All  un¬ 
eaten  feed  and  feces  were  kept  refrig¬ 
erated  at  -10°  C.  until  they  were  pre¬ 
pared  for  sodium  analysis.  All  col¬ 
lected  material  was  digested  with 
nitric  acid  or  a  mixture  of  nitric  and 
sulfuric  acids.  Analysis  for  sodium 
was  by  flame  photometry  using  lith¬ 
ium  as  an  internal  standard. 

The  composition  of  the  ration  is 
given  in  Table  1.  The  level  of  sodium 
in  the  ration  was  increased  by  add¬ 
ing  sodium  chloride  at  the  expense 
of  lactose  and  dextrose.  In  one  ex¬ 
periment,  rations  containing  234, 
272,  547  and  647  mgs.  of  sodium  per 
100  gms.  were  fed.  Triplicate  ana¬ 
lyses  for  sodium  were  made  on  ra¬ 
tion  samples  and  the  averages  used 
to  calculate  sodium  intakes.  The 
diets  were  fed  for  periods  ranging 
from  3  to  20  days  before  collections 
were  made. 

In  another  experiment  sodium 
chloride  was  added  to  the  basal  ra¬ 
tion  (Table  1)  to  make  rations  that 
contained  300,  500  and  700  mgs.  of 
sodium  per  100  gms.  The  rations 
as  fed  were  not  analyzed  for  sodium. 
Three  litters  of  pigs  were  born  with¬ 
in  a  three-day  period.  The  oldest 
of  these  were  seven  days  of  age  when 
brought  into  the  laboratory  and 
housed  in  individual  metabolism 
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Table  1. — Rations  Used  in  Sodium 
Studies  on  Baby  PigsT 


Ingredients  Weight 

(gms.) 


Vitamin-free  casein . 35.0 

Lard  . 40.0 

Lactose . 10.25 

Dextrose . 10.25 

Salts  (U.S.P.  XIV) .  5.0 

Sodium  Chlorides  .  — 


Vitamin  A  and  D  oil  (1000  U.S.P. 

vit.  A,  100  U.S.P.  Vit.  D/gm.)  ...  0.5 
Wheat  germ  oil  (2  I.U.  vit.  E/gm.)  1.0 


1  Vitamins  (mgs.)  added  to  200  gms.  of  dry 
ration:  thiamine,  1.1;  riboflavin,  1.8;  nicotinic 
acid,  10.1  ;  inositol,  26.8 ;  choline,  260 ;  para- 
amino  benzoic  acid,  5.0 ;  folic  acid,  0.13  ;  biotin, 
0.025  :  pyridoxine,  2.0  ;  calcium  pantothenate,  ?.l  ; 
ascorbic  acid,  130;  vitamin  Bio,  0.01;  menadione, 
0.29. 

2  Added  at  expense  of  lactose  and  dextrose. 

cages.  The  rations  were  fed  as  a 
warm  homogenized  suspension  three 
times  a  day.  Some  of  the  pigs  de¬ 
veloped  a  slight  diarrhea  which 
lasted  only  a  few  days.  The  pigs 
were  fed  their  respective  levels  of 
dietary  sodium  for  no  less  than  15 
days  before  collections  were  made  to 
determine  sodium  retentions. 

The  data  obtained  in  the  above  two 
experiments  were  combined  ivith 
the  data  obtained  in  experiments 
previously  reported  and  subjected 
to  statistical  anatysis.  Previous  re¬ 
ports  have  been  made  for  levels  of 
9.4  mgs.  (Yusken  and  Reber,  1957), 
178  mgs.  (Reber  and  Whitehair, 
1955),  and  920  mgs.  (Reber  and 
Yusken,  1956)  of  sodium  per  100 
gms.  of  ration. 

Results  and  Discussion 

The  results  from  all  the  experi¬ 
ments  are  summarized  in  Table  2. 
The  change  in  average  daily  body 
weight  by  pigs  fed  the  level  of  9.4 


mgs.  of  sodium  varied  from  122  to 
259  gms.,  and  43  of  the  45  sodium 
balances  were  negative.  Those  pigs 
which  gained  weight  lost  an  average 
of  0.46  mgs.  of  sodium  and  those 
which  lost  weight  lost  an  average  of 
0.48  mgs.  of  sodium  per  gram  of 
body  weight  per  day.  The  study  of 
Meyer,  et  al.  (1950)  indicated  that 
weight  gains  and  feed  efficiency  were 
decreased  in  weanling  pigs  fed  5 
mgs.  sodium  per  100  gms.  of  ration. 
No  sodium  balance  study  was  con¬ 
ducted  by  Meyer,  et  al.  (1950)  and 
the  degree  of  sodium  deficiency  was 
assessed  by  observing  weight  gain 
and  feed  efficiency. 

Pigs  fed  the  178  mgs.  sodium  level 
retained  90.9%  of  their  sodium  in¬ 
take.  This  was  the  highest  percent¬ 
age  of  sodium  retention  in  this  study. 
The  regression  coefficient  of  reten¬ 
tion  on  intake  was  the  highest  ob¬ 
tained  for  all  levels  of  sodium  fed, 
and  was  statistically  significant.  The 
average  initial  weight  of  the  pigs  was 
3445  gms.  The  average  daily  .gain 
of  255  gms.  was  the  highest  observed 
in  any  of  the  experiments.  These 
pigs  were  fed  five  times  a  day  while 
the  pigs  in  the  other  experiments 
were  fed  three  times  a  day.  The 
high  percentage  of  sodium  retained 
is  probably  related  to  the  high  rate 
of  growth  of  these  pigs.  The  group 
retained  an  average  of  1.19  mgs.  of 
sodium  per  gram  of  body  weight 
gained.  Higher  retentions  of  sodium 
per  gram  of  gain  were  observed  in 
pigs  fed  higher  dietary  concentra¬ 
tions  of  sodium.  Apparently  this 
level  of  sodium  can  supply  enough 
sodium  for  a  healthy  baby  pig,  but 
not  enough  to  offset  electrolytic  losses 
in  diarrhea.  The  protective  effect  of 
a  high  dietary  level  of  sodium  has 
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been  demonstrated  by  Reber  and 
Yusken  (1956),  in  which  920  mgs. 
of  sodium  per  100  gms.  of  ration 
counteracted  potassium  losses  in 
baby  pigs  infected  with  transmis¬ 
sible  gastroenteritis. 

In  the  experiment  in  which  234, 
272,  547  and  647  mgs.  of  sodium 
per  100  gms.  of  ration  were  fed, 
there  were  no  consistent  relations  be¬ 
tween  intake  and  retention  or  be¬ 
tween  intake  and  sodium  retained 
per  gram  of  increase  in  body  weight. 
None  of  the  pigs  in  this  experiment 
retained  an  amount  of  sodium  equal 
to  that  retained  by  pigs  fed  the  ra¬ 
tion  containing  178  mgs.  per  100 
gms.,  even  though  the  intake  values 
were  greater. 

In  the  experiment  in  which  300, 
500  and  700  mgs.  of  sodium  per 
100  gms.  of  ration  were  fed,  the 
pigs  had  an  average  daily  body 
weight  gain  of  84,  89  and  115  gms., 
respective^.  The  daily  sodium  in¬ 
take  and  retention  increased  as  the 
concentration  of  the  sodium  in  the 
ration  increased. 

The  pigs  fed  the  920  mgs.  level  of 
sodium  gained  an  average  of  90  gms. 
per  day.  The  urinary  losses  of 
sodium  for  these  pigs  averaged  545 
mgs.  per  day,  considerably  higher 
than  the  average  of  31  mgs.  observed 
in  those  pigs  fed  the  178  mgs.  level 
of  sodium.  The  urinary  volumes  of 
these  two  groups  of  pigs  were  com¬ 
parable.  The  amounts  of  sodium  re¬ 
tained  per  gram  of  increase  in  body 
weight  by  pigs  fed  700  and  920  mgs. 
of  sodium  per  100  gms.  of  ration 
were  about  equal.  This  degree  of 
sodium  retention  is  interpreted  to 
mean  that  the  pigs  fed  lower  levels 
of  sodium  would  have  retained  more 
sodium  if  their  dietary  concentration 
were  greater. 


It  appears  that  a  high  level  of 
sodium  (2.34%  sodium  chloride)  did 
not  adversely  affect  body  weight 
gains.  The  responses  of  the  animals 
fed  the  diet  containing  0.45%  sodi¬ 
um  chloride  indicated  that  this  level 
of  sodium  adequately  met  the  re¬ 
quirements  of  the  growing,  healthy 
baby  pig.  However,  the  high  aver¬ 
age  daily  retention  (90.9%)  of  the 
dietary  sodium  indicates  there  was 
a  small  margin  of  safety.  Although 
the  data  from  these  experiments  are 
limited,  it  appears  the  level  of  so¬ 
dium  included  in  a  ration  fed  to 
baby  pigs  should  be  higher  than 
178  mgs.  (0.45%  sodium  chloride). 
There  appears  to  be  considerable 
biological  variation  in  these  studies. 
Therefore,  additional  investigations 
should  be  made. 

Summary 

Forty-two  pigs  whose  ages  varied 
from  19  to  108  days,  maintained 
in  individual  metabolism  cages,  were 
fed  a  synthetic  ration  in  which  the 
sodium  content  varied  from  9.4  to 
920  mgs.  of  sodium  per  100  gms. 
Uneaten  feed,  urine,  and  feces  were 
collected  for  periods  of  one  to  four 
days  and  daily  sodium  retentions 
were  calculated.  Pigs  fed  9.4  mgs. 
of  sodium  per  100  gms.  of  ration  lost 
an  average  of  24.4  mgs.  of  sodium 
and  14  gms.  of  bod}^  weight  per  day. 
Pigs  fed  levels  of  sodium  varying 
from  178  to  920  mgs.  of  sodium  per 
100  gms.  of  ration  had  positive  so¬ 
dium  retentions.  The  analysis  of 
these  data  points  out  the  extreme 
variations  encountered  in  attempt¬ 
ing  a  determination  of  sodium  re¬ 
quirement.  Regression  coefficients  for 
sodium  retention  on  sodium  intake 
were  calculated  for  each  concentra- 
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tion  of  dietary  sodium.  Pigs  fed 
178  mgs.  of  sodium  per  100  gms.  of 
ration  retained  an  average  of  90.9% 
of  their  sodium  intake,  and  grew 
more  rapidly  than  pigs  fed  any  other 
sodium  concentration.  In  general, 
sodium  retained  in  milligrams  per 
gram  of  increase  in  body  weight  in¬ 
creased  with  increasing  sodium  con¬ 
centration,  from  1.19  for  pigs  fed 
178  mgs.,  to  2.44  for  pigs  fed  ra¬ 
tions  containing  700  or  900  mgs. 
per  100  gms.  of  ration. 
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Introduction 

During  the  past  few  decades  an 
ever-increasing  amount  of  knowl¬ 
edge  has  been  accumulated  concern¬ 
ing  the  former  distribution  of  fresh¬ 
water  mussels  and,  to  a  certain  ex¬ 
tent,  of  terrestrial  and  aquatic  gas¬ 
tropods.  Information  has  been  de¬ 
rived  primarily  from  two  sources. 
Gastropods  and  occasionally  spliae- 
rids  have  been  found  in  various 
geological  formations ;  usually,  un- 
ionids  have  been  lacking.  For  the 
majority  of  our  collections  of  past 
populations  of  freshwater  mussels, 
we  must  thank  the  diet  of  some  of 
the  early  American  Indians. 

Along  certain  rivers,  usually  part 
of  the  Mississippi  River  basin,  these 
Indians  left  large  refuse  piles  that 
were  often  composed  entirely  of  mus¬ 
sel  shells.  These  middens  offer  evi¬ 
dence  that,  at  least  with  some  groups 
of  Indians,  the  clam  constituted  a 
chief  item  of  diet.  Knowledge  of  the 
existence  of  the  middens  is  usually 
supplied  by  anthropologists. 

Reconstruction  of  the  physical  as¬ 
pects  of  a  stream  environment,  as 
it  formerly  existed,  through  an  ana¬ 
lysis  of  the  habitat-demands  of  the 
mussels  which  were  once  removed 
from  it  is  a  relatively  new  field  of 
endeavor.  An  example  of  this  pro¬ 
cedure  is  a  study  made  of  shells 
taken  from  a  midden  on  McGee’s 
Creek  (Poole  site;  Matteson,  1953). 
A  report  in  which  past  populations 


of  mussels  from  streams  in  southern 
Illinois  are  compared  with  mussels 
now  existing  nearby  has  been  re¬ 
cently  published  by  Parmalee 
(1956)  ;  however,  no  attempt  is  made 
to  reconstruct  the  nature  of  the  en¬ 
vironment  as  occupied  by  the  origi¬ 
nal  mussels.  Changes  in  the  bed  of 
the  Tennessee  River  have  been  dem¬ 
onstrated  through  a  study  of  its 
former  unionid  fauna  by  Morrison 
(1942). 
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Description  of  Site 

The  midden  from  which  these 
shells  were  obtained  was  located  sev¬ 
eral  hundred  feet  from  the  present 
west  bank  of  McGee’s  Creek.  The 
location,  known  as  the  Irvin  site,  is 
one  mile  below  the  midden  of  the 
Poole  site  mentioned  previously.  It 
is  situated  in  Pike  County,  Illinois, 
and  is  about  one  mile  north  of  Cham- 
bersburg.  The  shells  were  discarded 
by  Indians  of  the  late  Middle  Wood- 
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land  culture  living  in  a  village  which 
existed  about  776  A.  D.  Approxi¬ 
mately  one  thousand  years  separate 
the  shells  of  this  midden  from  those 
of  the  midden  located  at  the  earlier 
Poole  site.  Both  dates  were  ascer¬ 
tained  by  carbon14  determination 
through  the  efforts  of  Dr.  McGregor. 

There  is  little  doubt  that  the  col¬ 
lecting  areas  of  both  villages  over¬ 
lapped,  although  separated  by  a 
thousand  years.  The  Irvin  site  is 
roughly  seven  miles  from  the  Illinois 
River  by  water,  or  five  miles  by  land ; 
however,  the  Illinois  River  and  the 
lower  portion  of  McGee’s  Creek  did 
not  necessarily  occupy  their  present 
beds  in  776  A.D. 

The  shells  are  well  preserved. 
They  were  embedded  in  a  soil  com- 
posed  chiefly  of  clay,  which  had 
been  deposited  by  past  floods  in¬ 
volving  the  nearby  stream. 

Results 

An  inventory  of  the  collection  re¬ 
vealed  37  species  of  22  genera. 
Where  only  one  specimen  of  a  thin- 
shelled  mussel,  Strophitus  rugosus, 
was  found  in  the  earlier  Poole  col¬ 
lection,  shells  representing  several 
thin-shelled  genera  were  now  pre¬ 
sent.  Not  listed  in  the  following 
chart  are  six  shells  of  the  terres¬ 
trial  snail,  Anguispira  alternata 
(Say),  1816.  This  snail  is  notorious 
for  securing  lime  from  the  shells  of 
other  snails,  both  living  and  dead. 
Its  affinit}"  for  the  lime  of  which  the 
mussel  shells  were  composed  doubt¬ 
lessly  explains  its  presence  in  the 
collection. 

Discussion 

The  habitat-demands  of  various 


species  of  mussels  may  coincide  to 
the  extent  that  they  tend  to  occupy 
a  common  aquatic  environment. 
They  thus  constitute  a  rather  con¬ 
stant  community.  The  number  of 
species  which  occupy  a  community 
will  vary  according  to  the  nature  of 
the  environment.  When  certain 
members  of  such  a  community  are 
found  during  a  survey,  one  can  pre¬ 
dict  quite  accurately  which  species 
may  yet  be  found.  The  accompany¬ 
ing  inventory  varies  little  in  com¬ 
position  from  that  of  the  Poole  site, 
with  the  exception  that  several  thin- 
shelled  species  ( A .  granclis,  TJ.  tet- 
ralasmus,  S.  rugosus)  are  present  in 
the  former  while  only  one  is  found 
in  the  latter.  It  is  probable  that  the 
thin-shelled  forms  once  existed  in  the 
unionid  community  from  which  the 
valves  found  at  the  Poole  site  were 
secured  by  the  Indians.  There  are 
several  possible  explanations  why 
they  were  not  found  in  this  collec¬ 
tion  ;  the  most  plausible  one  is  that 
they  were  subjected  to  deterioration 
for  an  added  1000  years. 

With  few  exceptions,  all  of  the 
mussels  listed  here  are  found  in  small 
rivers.  There  are  a  few  species  pre¬ 
sent  whose  habitat-demands  are  such 
that  they  can  occupy  a  river  of  any 
size.  Usually,  the  size  attained  by 
such  forms  varies  directly  with  that 
of  the  river. 

A.  costata ,  L.  ventricosa,  L.  Sili- 
quoidea ,  E.  dilatatus,  P.  c.  coccine- 
um,  and  A.  carinata  are  most  fre¬ 
quent  in  this  collection ;  all  are  typi¬ 
cal  of  unionid  communities  occupy¬ 
ing  small  or  medium-sized  rivers. 
It  will  be  noted  that  A.  peruviana 
and  A.  rariplieata  are  numerically 
next  most  frequent.  Both  species  are 
found  also  in  larger  deeper  rivers. 
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Table  1. — Species  of  Unionids  Found  at  Irvin  Site. 


Number  identifiable 
valves 

Number  for 

height  only 

Number  complete 

valves 

Mean,  for  height 

only,  in  mm. 

Mean  height,  in  mm. 

(complete  valves) 

! 

Mean 

length,  in  mm. 

Percent  total 

population 

Amblema  costata . 

333 

67 

25 

4.67 

4.72 

6.87 

12.93 

Rafinesque,  1820 

Lampsilis  ventricosa . 

297 

56 

24 

6.42 

6.67 

10.12 

11.53 

(Barnes),  1823 

Lampsilis  siliquoidea .... 

282 

91 

38 

4.02 

4.04 

6.81 

10.94 

(Barnes),  1823 

Elliptio  dilatatus . 

273 

71 

28 

3.85 

4.00 

8.34 

10.60 

(Rafinesque),  1820 

Pleurobema  coccineum.  .  . 

250 

43 

5 

3.57 

2.80 

3.76 

9.70 

(Conrad),  1836 

Actinonaias  carinata.  .  .  . 

217 

78 

31 

5.09 

4.91 

7.82 

8.42 

(Barnes),  1823 

Amblema  peruviana . 

175 

70 

38 

4.88 

4.67 

6.33 

6.79 

(Lamark),  1819 

Amblema  plicata . 

158 

58 

34 

4.91 

4.79 

6.49 

6.13 

(Say),  1817 

Fusconaia  flava . 

101 

28 

9 

3.18 

3.12 

4.05 

3.92 

(Rafinesque),  1820 

Fusconaia  undata . 

99 

79 

15 

3.57 

3.59 

3.92 

3.84 

(Barnes),  1823 

Quadrula  pustulosa . 

51 

43 

23 

4.05 

4.02 

4.37 

1.97 

(Lea),  1831 

Proptera  alata . 

49 

4 

1 

7.35 

7 . 50 

11.16 

1.90 

(Say),  1817 

Lampsilis  anodontoides .  . 

43 

2 

2 

3.50 

3.50 

7.05 

1.67 

(Lea),  1831 

Actinonaias  ellipsiformes 

38 

9 

3 

2.04 

2.00 

3.40 

1.48 

(Conrad),  1836 

Lasmigona  costata . 

37 

4 

2 

5.45 

4.40 

8.40 

1.44 

(Rafinesque),  1820 

Fusconaia  ebenus . 

29 

4 

1 

4.73 

5.00 

5.90 

1.13 

(Lea),  1831 

Lasmigona  complanata. . . 

27 

2 

1 

8.45 

8.80 

12.10 

1.04 

(Barnes),  1823 

Anodonta  grandis . 

21 

82 

Say,  1829 

U niomerus  tetralasmus  .  . 

16 

61 

(Say),  1830 

Ligumia  recta . 

14 

10 

4 

4.01 

3 . 65 

8.75 

.54 

(Lamark),  1819 

Pleurobema  pyramidatum 

11 

8 

1 

4.43 

4.60 

5.50 

.43 

(Lea),  1831 

Strophitus  rugosus . 

11 

43 

(Swainson),  1822 

Elliptio  crassidens . 

9 

3 

1 

6.03 

5.90 

9.10 

.35 

(Lamark),  1819 
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Cyclonaias  tuberculata. .  . 
(Rafinesque),  1820 

Quadrula  nodulata . 

Rafinesque,  1820 

Tritogonia  verrucosa . 

(Rafinesque),  1820 

Micromya  iris . 

(Lea),  1830 

Micromya  lienosa . 

(Conrad),  1834 

Plagiola  lineolata . 

Rafinesque,  1820 

Proptera  laevissima . 

(Lea),  1834 

Plethobasus  cyphyus . 

(Rafinesque),  1820 

Quadrula  metanevra . 

Rafinesque,  1820 

Quadrula  quadrula . 

Rafinesque,  1820 
Alasmidonta  marginata.  . 
Say,  1819 

Arcidens  confragosus .  .  .  . 
(Say),  1830 

Obliquaria  reflexa . 

(Rafinesque),  1820 

Truncilla  truncata . 

Rafinesque,  1820 

Totals 


Number  identifiable 
valves 

Number  for 
height  only 

' 

Number  complete 

valves 

Mean,  for  height 

only,  in  mm. 

i 

Mean  height,  in  mm. 

(complete  valves) 

Mean 

length,  in  mm. 

Percent  total 

population 

5 

3 

1 

5.77 

5.80 

7.00 

.19 

4 

3 

3 

3.80 

3.80 

4.37 

.16 

4 

2 

2 

3.95 

3.95 

5.85 

.16 

3 

.12 

3 

2 

3.20 

12 

3 

3 

2 

3.83 

3.85 

5.05 

.12 

3 

2 

2 

7.50 

7.50 

12.25 

.12 

2 

2 

1 

4.65 

4.80 

6.90 

.08 

2 

2 

2 

4.60 

4.60 

5.80 

.08 

2 

2 

4.20 

.08 

1 

04 

1 

04 

1 

1 

3.00 

04 

1 

1 

1 

2.90 

2.90 

4.50 

.04 

2576 

753 

300 

100 . 00 

Experience  has  shown  that  both  may 
be  collected  in  the  lower  portions  of 
small  tributaries  of  large  rivers, 
wherever  their  young  have  been 
dropped  by  fish  hosts.  The  Indians 
probably  gathered  them  a  consider¬ 
able  distance  below  their  village 
where  the  creek  had  entered  the 
flood  plain  of  the  Illinois  River  and 
had  become  broader  and  deeper. 

All  of  the  remaining  species  of 
unionids  which  form  more  than  one 
per  cent  of  the  population,  with  the 


exception  of  two,  normally  occupy 
rivers  of  small  to  medium  size.  F. 
ebenus  and  F.  undata  are  also  found 
in  larger  rivers  such  as  the  lower 
portions  of  the  Kaskaskia  and  Em¬ 
barrass  rivers,  or  the  Illinois. 

An  analysis  of  the  habitat-de¬ 
mands  of  those  mussels  represented 
by  less  than  one  per  cent  of  the  total 
population  is  of  interest.  A.  margi¬ 
nata,  C.  tubercidata,  E.  crassidens, 
L.  recta,  M.  lienosa,  Q.  metanevra, 
S.  rugosus,  T.  verrucosa,  and  T. 
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truncata  are  seldom  found  in  large 
concentrations.  All  are  typical  of 
small  rivers  which  flow  rather  rapid¬ 
ly  over  a  sand-gravel  bottom;  usu¬ 
ally  one  or  both  borders  will  have  a 
narrow  band  of  silty  substratum. 
A.  grandis  is  often  found  in  limited 
numbers  along  the  borders  of  such 
a  stream,  in  indentations  where  the 
current  is  slow  and  considerable  silt 
has  gathered. 

A.  confragosus ,  0.  reflexa,  P.  Line- 
olata ,  P.  cyphyus ,  P.  pyramidatum, 
and  Q.  nodulata  occupy  the  deeper 
portions  of  a  stream  at  a  point  just 
previous  to  its  flowing  onto  the  flood 
plain.  All  prefer  deeper  water  but 
still  demand  a  firm,  somewhat  rocky 
substratum.  P.  laevissima  is  found 
almost  entirely  in  deep  silt  along 
the  edges  of  slow-moving,  rather 
large  streams;  it  was  without  doubt 
gathered  from  the  stream  after  it 
had  entered  the  flood  plain.  M.  iris 
typically  inhabits  headwaters  or 
small  rivers  where  the  substratum  is 
of  sand-gravel. 

Anomalous  situations  have  arisen 
in  regard  to  several  species  in  this 
collection.  Only  two  shells  of  Q. 
quadrula  were  found.  In  modern 
communities  composed  of  the  species 
identified  here,  this  clam  is  always 
present  in  larger  numbers.  Similar¬ 
ly  Q.  pustulosa  should  have  consti¬ 
tuted  at  least  five  percent  of  the  total 
population.  Wherever  the  author 
has  collected  P.  laevissima,  he  has 
invariably  found  Leptodea  fragilis. 
None  of  the  latter  were  present. 
U.  tetralasmus  is  found  either  in 
very  slowly  moving  water  over  a 
silty  substratum  or  in  small  muddy 
sloughs  associated  with  a  stream 
where  the  water  is  usually  less  than 
two  feet  in  depth.  There  seems  to 


be  no  evidence  that  this  condition 
existed  near  the  midden. 

There  should  have  been  more  than 
one  specimen  of  T.  truncata.  How¬ 
ever,  this  species  is  roughly  one  inch 
in  length  and  could  have  been  easily 
overlooked  by  the  Indians  or  con¬ 
sidered  not  worth  taking  for  its  small 
food  content.  The  presence  of  large 
numbers  of  E.  dilatatus  suggests 
that  an  area  of  shallow,  rapidly 
flowing  water  must  have  been  pres¬ 
ent,  because  this  species  is  found  al¬ 
most  exclusively  in  such  a  habitat. 
Usually  L.  complanata  exceeds  L. 
costata  in  number,  where  they  occur 
together ;  however,  the  latter  pos¬ 
sesses  a  larger  soft  part  and  thus 
might  be  more  desirable  as  food. 

The  collection  is  cpiite  similar  in 
quality  and  quantity  to  one  that 
might  be  removed  from  a  small  river 
today.  The  mussels  appear  to  be 
of  normal  size  for  the  reconstructed 
habitat  from  which  they  were  re¬ 
moved  ;  very  few  immature  shells 
were  observed,  which  would  lead 
one  to  believe  that  the  Indians  se¬ 
lected  only  adults.  With  the  excep¬ 
tion  of  L.  fragilis  and  possibly 
Carunculina  parva,  all  the  mussels 

of  a  small-river  community  are 

«/ 

present. 

An  environment  which  would  sup¬ 
port  the  preceding  population  would 
consist  of  a  stream  which  possesses 
the  following  characteristics:  1)  40 
to  60  feet  in  width,  with  a  depth 
ranging  from  a  few  inches  to  about 
three  feet;  2)  a  decided  current; 
3)  a  diverse  substratum  including 
areas  of  sand,  sand-gravel,  gravel, 
and  silt;  4)  a  slightly  alkaline  pH 
of  about  8.1 ;  and  5)  little  suspended 
silt. 

It  is  evident  that  any  general  col- 
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lection  of  mussel  shells  from  the 
past,  which  can  be  accurately  dated, 
will  denote  quite  thoroughly  stream 
conditions  which  prevailed  when 
they  were  alive.  By  continuing  to 
study  collections  of  these  old  shells 
it  is  hoped  that  eventually  a  more 
lucid  picture  may  be  formed  of  the 
former  appearances  of  some  of  the 
rivers  of  Illinois.  As  Illinois  is  known 
as  a  land  of  rivers  this  revelation 
will  be  of  value. 
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Introduction 

A  residue  test  is  a  convenient 
means  for  determining  the  essential 
literals  (Quine,  .1952)  in  the  trans¬ 
mission  function  describing  the  elec¬ 
trical  properties  of  a  two-terminal 
combinational  switching  circuit 
(Shannon,  1949),  and  thus  indicates 
which  literals  are  absolutely  neces¬ 
sary  in  a  realization  of  the  switch¬ 
ing  circuit. 

The  residue  test  is  based  upon  a 
pair  of  identities  of  the  Boolean  al¬ 
gebra  related  by  duality  (Birkhoff 
and  MacLane,  1953).  These  identi¬ 
ties  are  1  and  V  below. 

The  validity  of  these  identities 
follows  immediately  by  using  the 
method  of  perfect  induction  with  re¬ 
spect  to  the  variable  xk.  Note  :  “  +  ” 


(sum)  is  used  instead  of  “17”  (cup), 
(product)  instead  of  “Q” 
(cap)  and  a  prime  (complement) 
instead  of  (negative). 

For  the  purpose  of  brevity  defini¬ 
tions  (2,  below)  are  made. 

Hence  Tik  merely  denotes  the  orig¬ 
inal  T  with  the  particular  variable 
xk  in  the  l  state  and  similarly  Tok 
denotes  the  original  T  with  the  par¬ 
ticular  variable  xk  in  the  0  state. 

With  the  definitions  given  by  the 
identities  of  (2),  the  identities  given 
by  (1)  and  1')  become,  respectively, 
3  and  3',  below. 

At  this  point,  we  define  Ttk  and 
Tok  to  be  the  residues  of  T  with  re¬ 
spect  to  xk  and  xk,  respectively. 

In  what  follows,  if  no  composition 
law  is  given,  the  composition 
(product)  is  implied.  Example  1. 


(  "1  \  tjl  /  pp  •  •  •  rp  rp  rp  •  *  •  rp  )  rp  .  Up  /  rp  *  rp  1  rp  •  •  m  rp  )  1 

\  (  ^-txy  y  ^ky^k-ly  y  t*y0/  =  ^k  -1  (  *"ny  y^k+ly  y  k-ly  y^oJ 

+  rp  ^  ,  T  /  rp  •  •  •  rp  f)  rp  •••  rp  ) 

*^k  (  *^ny  y'A'lc-lyV  y  ^k-ly  y  '*'0/ 


at  \  UP  f  rp  •  •  •  rp  rp  rp  »  •  •  /v»  )  -  T  rp  1  Up  /  rp  •  •  •  rp  f)  rp  •••  rp  1 

)  (  ^ny  y^k-ly^ky  '"k-ly  y^oJ  =  L  *"k  -*•  I  ny  y  '"k-ly"  y'1-' k-ly  y  *"0  J 

•  r  rp  t  I  Up  /  y»  e  •  •  ai  1  rp  •  e  •  /v»  "1 

L ^k  (  *"ny  y  '"1c-lyJ  y^k-ly  y'"  0 J 


UP  -  UP  /  •  •  •  rp  rp  rp  •••/>») 

(  ny  y  '"k-ly  '"ky  '"k-ly  y  '"0/ 

(2)  TJlc  =  T(xn,'  •  ',xk_x,l,  xlc_u  •  %  x0) 

-  T  /  rp  •  •  •  rp  0  rp  •  «  •  /y»  ] 

Ok  —  "  \  *" ny  y^k+ly" y  '"k+ly  y  •*'0/ 


k  —  0,1,'  *  * ,n 


(3)  T  =  xk  ■  Tlk  +  xk  •  Toh 

(3')  T  =  [xk  +  Tok\  •  {xk  +  Tlk) 


k  —  0,1,' ' ',  n 


Example  1 : 

Let  T(xs,x2,x1,x0)  =  x3f  x2  xx  xj  +  x3  x2  xx  x0  -f-  x3  x2  xx  xj  + 

+  xs  x2  xf  x0 


[14] 
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Inspect  Xi*  for  its  necessary  ap¬ 
pearance  in  T. 

T  =  xt  T  n  +  T01 

_  rp  r  rp  '  rp  *  rp  *  1  rp  rp  rp  I  ,  rp  f  rp  rp  f  ~ 1 

=  ^  1  *"2  ^0  *^3  ^2  ^0  l  *"3  *"2  ^  0  J 

+  X/  [ X3  X2  Xo] 

rn  _  /y>  r  or*  f  on  r  }  on  on  on  1  1  -  rp  f  T  on  on  on  *1 

1  ==  *X/q  |  «X/j  ^  0  A  I  i  L  ^3  *"2  't-'oA 

_  rp  rp  rp  I  on  *  On  rp  * 

znz  *T$  Js2  0  I  «*'3  ^  1  0 


This  indicates  that  the  literal  xf t 
is  unnecessary  in  a  representation 
of  T,  since  it  combined  with  x±  ac¬ 
cording*  to  the  identity 

on  on  1  on  rp  f  —  rp 

<.U  j  iL/fc  J  Jr  j  Jsjz  z=z  Jr  j 

Given  any  transmission  function 
T,  the  results  of  the  residue  test 
obtained  by  means  of  applying  the 
identities  given  by  (3)  can  be  sum¬ 
marized.  The  results  of  the  residue 
test  obtained  by  means  of  applying 
the  identities  given  by  (3')  is  equiva¬ 
lent  and  need  not  be  carried  out  here. 

Case  1: 

rn  —  rp  rn  1  rp  f  rn  —  rn  —  rn 

-L  =  j-  2J.  -f-  Jy]c  j-  0JC  —  J.  01.  —  ±  !f. 

Here  neither  xlc  nor  xlcf  is  neces¬ 
sary  for  a  realization  of  T. 

Case  2: 

(a)  Tlk  D  Tok,Tlk  is  said  to  contain 
Tok;  that  is,  Tlk  ={=  Tok  but  if  Tok  =  1  then 
Tlk  —  1.  Under  the  condition,  Tok 
Tlk  =  Tok  and  T01c  +  Tlk  =  Tlk.  There¬ 
fore,  T  =  xk  Tlk  +  xkf  Tok  =  xk  (Tok  + 
I’ve)  +  xk  T ok,  T  =  xk  T n.  -f-  Tnk 
Hence  xk  is  not  necessary  for  a  realiza¬ 
tion  of  T. 

(b)  Tok  D  Tlk,  Tok  is  said  to  contain 
T1k;  that  is,  Tlk  4=  Tok  but  if  T]k  =  1 
then  Tok  =  1.  By  reasoning  similar  to 
case  (2a),  the  variable  xk  is  not  neces¬ 
sary  in  a  realization  of  T. 

Case  3: 

Neither  of  the  above  cases.  For  this 
case  no  reduction  in  the  number  of 
literals  is  possible  and  hence  both  xk  and 
xk  are  necessary  in  a  realization  of  T. 

In  general,  it  can  be  stated  that 
the  literal  which  is  the  coefficient  of 
a  residue  that  is  contained  in  the 
other  residue  is  not  necessary  in  a 
realization  of  T. 


A  more  fundamental  approach  to 
the  problem  of  residue  evaluation, 
and  one  that  eventually  leads  to  a 
complete  residue  test  by  means  of 
a  few  simple  rules,  is  based  upon  a 
matrix  of  combinations  for  T. 

Given  a  transmission  function  T , 
we  can  construct  a  matrix,  from  the 
variables  of  T,  with  (n-f-1) 
columns  and  2(nJr1)  rows  such  that 
one  variable  heads  each  column  and 
each  row  is  one  of  the  2(nJr1)  pos¬ 
sible  states  of  the  variables,  taken 
collectively.  Pre-augment  the  matrix 
by  a  d-column  that  has  for  elements 
lying  in  a  given  row  of  the  original 
matrix,  the  decimal  equivalent  of 
the  binary  number  representation  of 
that  row.  Post-augment  the  latter 
matrix  with  a  T-column  that  has  for 
elements  in  a  given  row  of  the  orig¬ 
inal  matrix  the  state  of  T  corre¬ 
sponding  to  the  state  of  the  variables 
agreeing  with  that  row  of  the  matrix. 

Using  the  above  procedure,  exam¬ 
ple  1  becomes  the  following  matrix : 


d 

0 

1 

2 

3 

A 

5 

6 

7 

8 
9 

10 

11 

12 

13 

n 

15 


x3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 


xz 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 


Xj 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 


X0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


T 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 


In  general,  the  matrix  of  combina¬ 
tions  will  be  a  2nA~1x  (n-\-3)  matrix. 

If  p  of  the  elements  in  the  T-col- 
umn  are  in  the  1  state  the  2nJr1 — p 
of  the  elements  in  the  T-column  are 
in  the  0  state.  Disregard  the  rows 
of  the  matrix  of  combinations  that 
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have  a  0  in  the  T-column.  Nothing* 
is  lost  by  doing  this  since  we  know 
the  states  of  xn,'  * '  ,x0  for  which  T  = 
1  and  T  must  be  0  for  all  other  states 
of  xn,'  *  ',%o-  At  this  point  a  px 
(n-j-3)  matrix  remains.  In  example 


1 

this  matrix  becomes : 

d 

xs 

x , 

!  X, 

x0 

T 

2 

0 

0 

1 

0 

1 

6 

0 

1 

1 

0 

1 

13 

1 

1 

0 

1 

1 

15 

1 

1 

1 

1 

1 

If  q  of 

the 

elements 

of  the 

px 

(n-\-3)  matrix  have  a  1  in  the  xk  col¬ 
umn,  where  xk  is  the  variable  being 
tested  for  necessary  appearance  in  a 
representation  of  T,  then  ( p-q)  of 
the  elements  in  the  xk  column  are  0. 
Shift  the  rows  of  the  px  ( n-\-3)  mat¬ 
rix  so  as  to  partition  it  into  q  rows 
with  all  1  ’s  in  the  xk  column  and  the 
remaining  (p-q)  rows  with  all  O' s 
in  the  xk  column. 


In  example  1  this  matrix  is  (upon 
inspecting  the  xt  column)  : 


a 

9 

6 

15 

13 


tX/  2  tT  ^ 

0  0  1 

0  1  1 

111 
110 


x0  T 

0  1 

0  1 

1  1 

1  1 


By  disregarding  the  xt  column  of 
the  partitioned  matrix,  since  the  nec¬ 
essary  appearance  of  x*  is  being 
tested,  it  is  seen  that 


T 


u 


and 


rp  *  rp  f  rp  f  I  rp  ?  rp  rp  f  1  rp  p  rp 
v  w/g  q  I  tAs 2  q  | 


T  01 


-  rp  rp  rp 

—  2  *^0 


where  Tn  and  T 0i  have  as  many 
terms  as  there  are  rows  in  the  par¬ 
titioned  matrix  with  1' s  and  0’s  re¬ 
spectively,  in  the  xt  column.  Each 
term  of  T n  and  T0i  corresponds  to 
a  row  of  the  partitioned  matrix  and 
is  composed  of  the  product  of  all  the 
variables  except  xlf  with  the  variable 
unprimed  if  a  1  is  in  the  column  cor¬ 


responding  to  the  particular  variable 
and  with  the  variable  primed  if  a  0 
is  in  the  column  corresponding  to 
the  particular  variable.  By  using 
the  results  of  case  2  of  the  residue 
test  given  previously,  it  is  seen  that 
no  x/  literal  is  necessary  in  a  real¬ 
ization  of  T. 

In  general,  Tlk  and  Tok  can  be 
formed  when  the  partitioned  px 
(n-\-3)  matrix  is  found  from  a  spec¬ 
ified  T.  By  applying  the  cases  of 
the  residues  test  to  Tlk  and  Tok,  the 
unnecessary  literals,  if  any,  can  be 
found. 

A  compact  and  precise  expression 
for  representing  the  T  given  in  ex¬ 
ample  1  is  2  (2,6,13,15).  That  is, 
T  is  specified  by  the  sequence  of 
decimal  integers  for  those  rows  of 
the  matrix  of  combinations  for 
which  T  —  1.  This  is  called  the 
standard  sum  form  of  T. 

Example  2 : 

T  (x3  x2,  xu  x0)  =  s  (Vf)  =  x3  x2  x t  x0’ 

At  first  sight,  the  latter  procedure 
may  appear  quite  lengthy.  How¬ 
ever,  this  is  not  actually  the  case. 
The  length  is  due  to  two  causes : 
1)  an  introduction  to  the  fundamen¬ 
tal  theory  with  its  nomenclature, 
mechanics  and  many  details  which 
with  a  little  practice  can  become  au¬ 
tomatic  ;  and  2)  lack  of  a  quick 
knowledge  regarding  whether  a  0 
or  a  1  occurs  in  a  particular  row  of 
the  px  (n-\-3)  matrix  corresponding 
to  the  xk  column. 

Now  a  procedure  will  be  devel¬ 
oped  which  circumvents  the  need  to 
use  the  binary  representation  of  T 
and  which  allows  the  direct  results 
from  the  decimal  specification  of  T 
alone ;  and  in  fact,  does  away  with 
the  need  for  a  conversion  table  from 
decimal  to  binary  numbers  in  order 
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to  effect  the  location  of  the  V s  and 
O' s  when  given  the  decimal  number. 

Decimal  Procedures 

Consider  a  Boolean  function  T  of 
(n-\-l)  variables,  expressed  by  T  = 
5  (D),  where  D  is  the  set  of  decimal 
integers  representing  the  rows  of  the 
matrix  of  combinations  for  which 
T  =  1. 

The  decimal  integer  d  will  be  said 
to  contain  2k  in  its  binary  number 
representation  if  6*  =  1  in  the  fol¬ 
lowing  identity  : 

n 

d  =  2  2k 
k=l 

If  a  is  a  real  number  let  [a]  de¬ 
note  the  greatest  integer  not  exceed¬ 
ing  a.  Under  the  above  conditions : 

lemma :  The  decimal  integer  d 
contains  2k  in  its  binary  number  rep¬ 
resentation  if  and  only  if  [d  •  2~k\ 
is  odd.  The  proof  of  the  lemma  is 
given  in  appendix  I. 

Example  3 : 

Let  us  see  if  78  contains  4  in  its 
binary  number  representation. 

78 

[— ]  =  [19%]  =  19  which  is  odd. 

22 

Therefore  78  does  contain  4  in  its 
binary  number  representation.  In 
fact,  78  is  1001110  in  binary 
form,  where  the  1  in  the  third  posi¬ 
tion  from  the  right  indicates  the 
presence  of  a  4. 

Example  4: 

Let  us  see  if  105  contains  4  in  its 
binary  representation. 

105 

[ - ]  =  [26 44 1  =  26  which  is  even. 

4 

Example  5: 

T  (x4,  x3,  x2,  xt,  xj 

where,  of  course,  D 


Therefore  105  does  not  contain  4  in 
its  binary  representation.  In  fact, 
105  is  1  1  0  1  0  0  1  in  binary  form, 
where  the  0  in  the  third  position 
from  the  right  indicates  the  absence 
of  a  4. 

By  means  of  the  above  lemma,  it 
is  possible  to  rapidly  determine 
whether  or  not  a  given  integer  con¬ 
tains  2k  in  its  binary  representation. 
It  is  convenient  to  define  pk  = 
[d  ‘  2~k]  as  the  placement  quotient 
(pq)  of  d  with  respect  to  2k,  where 
f  U  D  in  T  =  3,(Tf). 

The  decimal  procedure  for  per¬ 
forming  a  residue  test  is  the  follow- 
ing : 

(A)  Let  D'  denote  the  subset  of  D 
with  odd  pq’s .  Associate  xk  with  the  set 
D\  Let  D "  denote  the  subset  of  D  with 
even  pq's.  Associate  xk  with  the  Set  D". 

(B)  Add  2k  to  each  member  of  D". 
Call  this  set  D.  (Equivalently 
subtract  2k  from  each  member 
of  D\  Call  this  set  D.) 

(C)  Examine  D'  and  D  for  inclusion 
relations.  (Equivalently  exam¬ 
ine  D”  and  D  for  inclusion  rela¬ 
tions).  By  the  above  procedure. 
T  has  been  put  in  the  form  of 
the  identity  given  by  (3). 

(D)  If 

LY  D  I) 
or  Do  Z>" 

then  xk  is  not  necessary  in  a 
realization  of  T.  If 

D  D  D’ 
or 

D”  D  D 

then  xk  is  not  necessary  in  a 
realization  of  T. 

Example  5:  (See  below). 

Check  the  leading  and  trailing 
variables  ( x,f  and  x0,  respectively, 
in  this  example)  first,  since  they  are 
tested  almost  by  inspection. 


=  2  (2,  3,  //,  5,  6,  7,  12,  13,  22,  23,  30,  31 J 
~  2,  3,  5,  6,  7,  12,  13,  22,  23,  30,  31 
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(1)  Checking  x4*  first: 

d  d  d 

[—1  =  [— ]  =  [— L  deD. 
A  A  1  6 


sociated  with  x3,  x3  is  not  necessary 
but  x3'  is  necessary  in  a  realization 


of  T. 


d 

each  d  <  16  gives  [ — 1  =  0,  even  pq 

16 

d 

each  d  >  16  gives  [ — j  —  /,  odd  pq. 

16 

hence  D'  =  22,  23,  30,  31 

and  D"  =  2.  3,  Jh  5,  6,  7,  12,  13 

also  D  =  18.  19.  20,  21.  22.  23,  28,  29 

9 

and  D  =  6,  7.  1).  13 

Since  D'  J)  D  and  D  J)  l)' ,  Case 
3  of  the  residue  test  holds.  There¬ 
fore  both  Xr  and  x/  are  necessary 
-/  /  • 

in  a  realization  of  T.  (Comparing: 

A 

/)"  and  T>  one  gets  the  same  results). 

(S;  Checking  x0*  next: 
d  d 

[— ]  =  [— ]  =  d.  deD. 

.Jc  t0 

Hence  D'  =  3,  3,  7, 13,  23,  31 
and  D"  =  2,  If,  6,  12,  22,  30 
also  D  =  3,  5,  7,  12,  23,  31 
and  D  =  2,  If,  3,  12,  22,  30 

Since  I)'  =  D,  Case  1  of  the  resi¬ 
due  test  holds  and  neither  x0  nor  x0' 
are  necessary  in  a  realization  of  T . 

A 

(Comparing  J)"  and  T)  one  gets  the 
same  results). 

(3)  Checking  x3*  next: 
d  d  d 

[— ]  =  [— ]  =  [— ],deD. 

,k  r 3  S 

Hence  D'  =  12,  13,  30,  31 
and  D”  =  2,  3,  1,,  o,  6,  7,  22,  23 
also  D  =  10,  11,  12,  13,  lJt,  15,  30,  31 
and  D  =  lf,  5,  22,  23 

Since  only  D  D  D' ,  Case  2  of  the 
residue  test  holds.  Since  D'  is  as¬ 


(4)  Checking  xA  next: 

a  d  a 

[—]  =  [— ]  =  C — ],  del). 

A  A 

Hence  D '  =  Jh  5,  6,  7,  12,  13,  22,  23.  30. 
31 

and  D"  =  2,  3 
also  D  —  6,  7 

and  D  =  0,  1.  2,  3,  8,  9.  18,  19.  26,  27 

Since  D'  D  D,  Case  2  of  the 

residue  test  holds.  Since  I)  is  asso¬ 
ciated  with  x/,  x /  is  not  necessary 
but  x2  is  necessary  in  a  realization 
of  T. 

(5)  Checking  Xj*  next: 

d  d  d 

L— ]  =  [— 1  =  [— ],  deD. 

,k  J  2 

Hence  D'  —  2,  3,  6,  7,  22,  23,  30,  31 

and  D"  =  If,  5,  12,  13 

also  D  =  6,7,  Df,  15 

and  f)  =  0.1.  If,  5,  20,  21,  28,  29 

Since  /)'  p  D  and  D  ^  D' ■> 

3  of  the  residue  test  holds  and  both 
Xf  and  x/  are  necessary  in  a  real¬ 
ization  of  T. 


Appendix 

I 

Theo : 

P, 

=  Ck  (mod  B) 

,  k 

=  1,  2.  .  .  ■) 

Proof 

:  a  = 

=  Cn  B"  +  .  .  . 

+ 

Ck+1Bk+I 

+ 

C,JV; 

+  Ck.2B*~‘  + 

..  . 

■  "T  D  0 

d 

n — 

k 

k 

—  = 

=  2 

Ci+kB‘  +  C\ 

+ 

2  C*_,  B- 

Bk 

i= 

1 

i=l 

k 

Put  fh  =  2 

i—1 


since 
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max  (7,._{  =  B — /,  then 

k 

0  <  fk  <  (B — 1 )  2  B-1 

i=l 

Hence  for  every  finite  k 

GO 

0  <  h  <  (B—l)  S  B~l  = 

i — 1 

1 

B 

(B—l)  -  =  1 

1—1 

B 

n — k 

Putting  Sk  =  2  C lfI.  Bl  notice  that 

i=l 

Sk  =  B  -S,.+1,  hence 
d 

P,  =  [— ]  =  Sk  +  Ck  =  B  SJC+1  +  C\ 
Bk 

Therefore  P1:  =  Glc  (mod  B). 


Appendix  ii 

If  T  is  expressed  in  standard  prod¬ 
uct  form  (in  terms  of  the  zeros  of 
transmission)  as 

T  =  7T  (D), 

where  D  is  the  set  of  decimal  integers 
representing  the  rows  of  the  matrix 
of  combinations  for  which  T  =  0, 
it  is  only  necessary  to  interchange 
the  association  of  xk  and  xk  relative 


to  D'  and  D"  to  effect  a  residue  test. 
The  inclusion  relations  then  follow 
as  before. 

Summary 

For  reasons  of  economy  it  is  ad¬ 
vantageous  to  synthesize  switching 
circuits  with  as  few  components  as 
possible.  This  paper  develops  a 
decimal  procedure  which  serves  as  a 
necessary  condition  for  realizing  a 
minimum-component  circuit.  Thus, 
if  a  circuit  is  found,  with  the  speci¬ 
fied  logical  properties,  using  only  the 
number  of  components  defined  by  the 
procedure,  it  is  known  that  one  could 
not  realize  any  circuit  with  the  speci¬ 
fied  logical  properties  using  fewer 
components.  In  this  sense,  a  lower 
bound  to  the  number  of  components 
needed  in  the  realization  of  a  cir¬ 
cuit  with  specified  logical  properties 
is  established. 
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WELLCOMIA  PE R 0 GNA T HI  N.  SP.  (NEMATODA: 
OXYURIDAE)  FROM  POCKET  MICE,  PEROGNATHUS 
INTERMEDIUM  (MERRIAM,  1889)  OF  THE 
GRAND  CANYON,  ARIZONA 

FRANCIS  J.  KRUXDENIER  and  KRISHNA  N.  MEHRA 
University  of  Illinois,  Urbana 


Introduction 

A  species  of  nematode  with  the 
general  characteristics  of  the  Syph- 
aciinae  was  recovered  from  13  of 
26  Perogncithus  intermedins  exam¬ 
ined  during  a  1954  expedition  to 
the  Grand  Canyon  National  Park, 
Coconino  County,  Arizona.  A  vulva 
anterior  to  the  middle  of  the  body 
of  the  female,  the  subulate  tail,  and 
the  absence  of  cuticular  mamelons 
in  the  male  indicated  that  these 
oxyurids  belong  to  the  genus  W ell- 
comia  Sambon,  1907.  Further  pre¬ 
liminary  examination  strongly  in¬ 
dicated  that  the  specimens  differed 
from  the  other  described  species  of 
Wellcomia.  The  differential  study 
of  the  nematodes  was  therefore 
undertaken. 

The  expedition  was  sponsored  by 
the  Natural  History  Museum  of  the 
University  of  Illinois.  It  was  or¬ 
ganized  and  directed  by  Dr.  Donald 
F.  Hoffmeister,  Director  of  the  mu¬ 
seum.  Three  hundred  and  ninety- 
six  animals  were  examined  for  para¬ 
sites.  Mammals  from  ten  families 
of  three  orders  were  represented. 
Every  effort  was  made  to  examine 
representatives  of  all  species  of 
these  mammals. 
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Materials  and  Methods 

The  individual  organs  of  the  mam¬ 
mals  were  examined  separately. 
Parasites  were  segregated  in  accord¬ 
ance  with  tentative  identification 
and  individual  host.  The  nematodes 
were  killed  in  hot  70%  alcohol  when 
field  conditions  permitted  or  at  pre¬ 
vailing  temperatures  in  the  absence 
of  an  adequate  source  of  heat.  They 
were  preserved  in  70%  alcohol  to 
which  5%  glycerine  was  added  upon 
the  return  to  Urbana,  Illinois.  Sub¬ 
sequent  procedures  necessitated  fur¬ 
ther  segregation,  but  the  identity 
of  the  source  and  association  of  the 
specimens  were  carefully  maintained. 
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Skins  and  skulls  of  host  animals 
are  preserved  in  the  University  of 
Illinois  Natural  Historv  Museum. 
Final  identification  of  hosts,  as  re¬ 
ported  herein,  was  made  by  Dr. 
Hoffmeister  and  his  staff.  Type 
hosts  are  identified  in  this  report 
by  the  number  assigned  to  them  in 
the  museum  collections. 

Observations 

Wellcomia  perognatlii  n.  sp. 

Description  :  Males  (parenthetics 
indicate  average  values)  :  length, 
2.4-3.48  mm.  (3.0)  ;  width,  0.259- 
0.348  mm.  (0.314)  ;  anterior  esopha¬ 
gus,  0.278-0.343  mm.  (0.313)  by 
0.042-0.057  mm.  (0.051)  ;  esophageal 
bulb,  0.095-0.116  mm.  (0.108)  by 
0.095-0.116  mm.  (0.102)  ;  total  length 
of  esophagus,  0.391-0.459  mm. 
(0.421)  ;  distance  from  anterior  end 
to  excretory  pore,  0.770-0.990  mm. 
(0.850),  to  nerve  ring,  0.105-0.192 
mm.  (0.143),  to  end  of  cervical  alae, 
0.270-0.532  mm.  (0.442)  ;  length  of 
tail,  0.037-0.042  mm.  (0.039)  ;  length 
of  spike-like  posterior  cuticular  pro¬ 
jection  of  tail,  0.132-0.166  mm. 
(0.147)  ;  length  of  caudal  alae, 
0.047-0.066  mm.  (0.055)  ;  length  of 
.spicule,  0.095-0.110  mm.  (0.105)  ; 
length  of  gubernaculum,  0.018-0.023 
mm.  (0.021).  One  pair  of  large 
preanal,  one  pair  of  lateral,  a  single 
median  postanal,  and  paired,  large 
bursal  papillae  are  present. 

Proportions:  Length/width,  5-8; 
length/total  esophagus,  6-10  (7)  ; 
length  of  anterior  esophagus/width 
of  anterior  esophagus,  5-8  (6)  ; 

length/length  of  tail,  50-90  (74)  ; 
length/distance  from  anterior  end 
to  excretory  pore,  3-4  (3.5)  ;  length/ 
distance  from  anterior  end  to  nerve 


ring,  16-34  (21)  ;  length  of  esopha¬ 
geal  bulb/width  of  bulb,  0.95-1.1 
(1.0)  ;  length/length  of  spicule,  22- 
37  (27.5)  ;  length  of  spicule/lengtli 
of  gubernaculum,  4-6  (5). 
Description :  Gravid  females  (par¬ 
enthetics  as  above)  :  Length,  10. 04- 
lb. 8  mm.  (11.21)  ;  width,  0.331- 
0.441  mm.  (0.366)  ;  anterior  esopha¬ 
gus,  0.499-0.557  mm.  (0.534)  by 
0.081-0.103  mm.  (0.092)  ;  bulb  of 
esophagus,  0.132-0.158  mm.  (0.145) 
by  0.147-0.176  mm.  (0.162)  ;  total 
length  of  esophagus,  0.631-0.715  mm. 
(0.679)  ;  distance  from  anterior  end 
to  nerve  ring,  0.158-0.198  mm. 
(0.175),  to  excretory  pore,  179-185 
mm.  (182),  to  vulva,  3.53-4.8  mm. 
(4.3),  to  end  of  cervical  alae,  0.174- 
0.708  mm.  (0.381)  ;  length  of  tail, 
1.29-1.53  mm.  (1.38)  ;  eggs,  ovoid, 
flattened  on  one  side,  0.089-0.105 
mm.  (0.098)  by  0.029-0.037  mm. 
(0.031),  side  view,  0.026-0.029  mm. 
(0.027). 

Proportions:  Length/ width,  28- 
39  (35)  ;  length/total  esophagus,  14- 
24  (19)  ;  length  of  anterior  esopha¬ 
gus/width  of  anterior  esophagus, 
5-7  (6)  ;  length/length  of  tail,  7-10 
(9)  ;  length/distance  from  anterior 
end  to  nerve  ring,  54-95  (73)  ; 

length/distance  from  anterior  end  to 
excretory  pore,  7. 8-8. 5  (8.1)  ;  length 
of  esophageal  bulb/width  of  bulb, 
0. 8-1.0  (0.89)  ;  length/distance  from 
anterior  end  to  vulva,  2. 4-3. 7  (2.9)  ; 
length  of  egg/widtli  2. 8-3. 2  (2.9). 

Host :  P erognath u s  intermedins 
(Merriam,  1889).  Ill.  Nat.  Hist. 
Mus.  No.  10602. 

Habitat:  Intestine  (cecum). 
Locality :  Coconino  County,  Ariz¬ 
ona  (Grand  Canyon  National  Park). 
Holotypes :  U.S.  Nat’l.  Mus.  Helm. 
Coll.  No.  38306. 
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Wellcomia  nerognatM  n.  sp.  Fig.  1. — Head,  en  face,  female;  Fig  2. — Head, 
en  face,  male;  Fig.  3. — Head,  lateral  view,  optical  section,  female;  Fig.  4. — Pos¬ 
terior  end,  ventral  view,  male;  Fig.  5. — Spicule  and  gubernaculum,  lateral  view; 
Fig.  6. — Vagina-vulva  complex,  lateral  view;  Fig.  7. — Tail,  lateral  view,  female. 


Remarks :  Fifteen  mature  males  and 
13  gravid  females  were  analyzed  in 
detail  for  the  preceding  characteriza¬ 
tion.  All  females  less  than  10  mm. 
in  length  were  non-gravid. 

Six  readily  visible  structures  sur¬ 
round  the  mouth  opening  (Fig.  1) 
of  female  IF.  perognathi.  Three  of 
these  correspond  to  the  divisions 


of  the  immediately  underlying,  tri- 
radiate  esophagus.  Therefore,  one 
is  dorsal  and  two  are  subventral  in 
location.  The  three  remaining,  lobed 
structures  partly  overlie  and  alter¬ 
nate  with  these  and  include  two 
subdorsal  and  one  ventral  units.  In 
accordance  with  the  terminology  em¬ 
ployed  by  Smith  (1908)  for  0.  evo- 
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luta  (=TF.  evaginata),  the  dorsal 
and  subventral  units  are  lips  while 
the  subdorsal  and  ventral  units  are 
liplike  (interlabial  ?)  units.  In  the 
contrary  terminology  of  Hall  (1916  : 
70)  for  the  same  species,  the  sub- 
dorsal  and  ventral  units  are  lips,  the 
others  ‘  ‘  intermediate  lip  structures  ’  \ 
The  latter  appear  to  be  the  proper 
interpretation  for  female  W.  perog- 
nathi. 

Three  relatively  large  units  sur¬ 
round  the  mouths  of  male  W .  perog- 
nathi  (Fig.  2).  These  correspond  to 
the  closely  associated  parts  of  the 
triradiate  esophagus.  One  is  thus 
dorsal  and  two  are  subventral. 
Small,  triangular  thickenings  be¬ 
tween  their  bases  may  represent  the 
alternating  (two  subdorsal,  one  sub¬ 
ventral)  prominent  labial  structures 
of  the  female.  A  thin,  non-lobate, 
slightly  irregular  membrane  encir¬ 
cles  the  circumoral  units  of  the  male. 
It  may  attach  to  the  bases  of  the 
small  “thickenings”.  Further  study 
of  the  circumoral  apparatus  in  the 
genus  Wellcomia  is  needed. 

The  cuticular  lining  of  the  esopha¬ 
gus  is  corrugated,  giving  the  appear¬ 
ance  of  small  teeth  when  seen  in 
optical  section.  All  our  specimens 
possess  this  corrugation,  apparently 
regardless  of  the  state  of  contraction 
of  the  worms. 

Three  pairs  of  outer  circumoral 
papillae  (Figs.  1,  2)  are  present  in 
both  sexes.  The  middle  unit  of  each 
group  is  amphidial.  A  lateral  pa¬ 
pilla  and  an  amphid  associate  with 
each  subdorsal  labial  unit  of  the 
female;  the  remaining  papilla  ap¬ 
pears  to  be  located  at  the  base  of 
the  subventral  unit.  Corresponding 
papillae  in  the  male  appear  to  be 
similarly  situated,  but  the  loss  or 


reduction  of  labial  units  obscures 
parallel  interpretation. 

The  spicule  and  gubernaculum  are 
chitinized.  The  spicule  is  enlarged 
proximally  and  slightly  recurved 
ventrally.  The  gubernaculum  is  mod¬ 
erately  heavy,  club-shaped,  and 
grooved  toward  the  spicule  except 
at  its  innermost  end.  The  distal 
portion  is  gently  curved  ventrad  and 
ends  in  two  small  but  distinct  lateral 
processes  or  points.  It  parallels  the 
course  of  the  spicule  (Figs.  4,  5). 
No  specialization  of  the  postero- 
ventral  cuticula  of  the  male  speci¬ 
mens,  such  as  noted  for  W.  evagi- 
ii  at  a,  is  present. 

The  vagina  of  W.  perognatlii  is 
never  everted.  The  terminal  0.064 
mm.  are  cuticularized.  The  vagina 
enters  the  vulva  at  right  angles  to 
and  across  the  long  axis  of  the  body. 
The  terminal  uterus  (Fig.  6)  loops 
anterior  to  the  vulva,  entering  the 
vagina  from  its  anterior  aspect. 

The  tails  of  female  W.  perognatlii 
are  elongate  and  pointed  (Fig.  7) 
but  no  spiral  markings,  as  described 
for  W.  evaginata,  are  present. 

Discussion 

Tiie  males  of  IF.  perognatlii  are 
smaller  than  the  males  of  all  other 
described  species  of  Wellcomia  ex¬ 
cept  IF.  taylori  Abdussalam,  1938. 
They  are  distinctly  larger  than  the 
males  of  the  latter.  The  spicule  and 
gubernaculum  are  smaller  than  in 
all  other  described  species  of  Well¬ 
comia  with  the  exception  of  IF. 
evaginata.  They  reach  the  minimum 
described  for  the  latter  species  as 
described  by  Hall  (1916)  but  are 
smaller  by  two-thirds  than  compara¬ 
ble  structures  described  by  Mao 
(1939).  Numerous  other  differences 
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confirm  the  identity  of  these  forms. 

The  females  of  W.  perognathi  are 
the  only  members  of  the  genus,  ex¬ 
cept  W.  taylori,  whose  vaginae  do 
not  evert.  The  females  of  the  for¬ 
mer  are  appreciably  longer.  The 
eggs  of  W.  Perognathi  are  larger 
than  those  of  any  other  described 
species  of  W  ellcomia  except  W. 
longejector  Hannum,  1943.  They 
are  smaller  than  the  eggs  of  the  lat¬ 
ter  species.  Other  differences  are 
also  present. 

W.  longejector  was  described  from 
a  wide  variety  of  rodents  in  Arizona. 
These  include  the  cottontail  rabbit 
“  ( Sylvilagus  audubonii)  ”...  “the 
jackrabbit  ( Lepus  alleni),  the  do¬ 
mestic  rabbit  ( Lepus  cuniculus ), 
pocket  mice  ( Perognathus  bailey  i, 
P.  intermedins  and  P.  penicillatus) 
and  the  kangaroo  rat  ( Dipodomys 
merriami )”  according  to  Hannum 
(1943:  50).  Its  presence  in  pocket 
mice  in  Arizona  makes  necessary  a 
clear  and  more  detailed  differentia¬ 
tion  from  W.  perognathi. 

The  males  of  W.  perognathi  differ 
from  the  males  described  by  Han¬ 
num  {op.  cit.)  in  their  sexual  dimor¬ 
phism  of  labial  structure,  presence 
of  caudal  alae,  presence  of  distinct 
gubernaculum  placed  along  distal 
portion  of  spicule,  and  in  possession 
of  a  different  complex  of  caudal  pa¬ 
pillae.  The  females  of  W.  perognathi 
do  not  have  the  everted  vagina  so 
prominent  in  W.  longejector ;  the 
circumoral  papillae  of  W.  perog¬ 
nathi  are  prominent  and  no  denti¬ 
tion  is  visible  at  the  opening  to  the 
esophagus.  Thus  W.  perognathi 
clearly  differs  from  W.  longejector. 

The  wide  distribution  in  its  vari¬ 
ous  hosts,  the  question  concerning 
even  the  presence  of  a  gubernaculum 


(Hannum,  1943  :  51),  and  the  nature 
of  its  tail  indicate  that  further  study 
of  W.  longejector  should  be  under¬ 
taken. 

Summary 

W ellcomia  perognathi  n.  sp.  is 
described  from  the  pocket  mice  of 
the  Grand  Canyon  National  Park, 
Coconino  County,  Arizona.  The  dif¬ 
ferentiation  of  this  species  of  oxy- 
uricl  from  other  members  of  the 
genus  W ellcomia  is  presented. 

The  sexual  dimorphism  described 
for  the  oral  apparatus  of  W.  perog¬ 
nathi  is  the  only  described  instance 
of  this  phenomenon  in  the  genus. 
It  renders  precise  interpretation  of 
the  labia  difficult  and  indicates  need 
for  further  study  of  the  oral  ap¬ 
paratus  of  other  members  of  the 
genus.  This  is  more  apparent  when 
one  considers  the  several  interpre¬ 
tations  -of  the  oral  apparatus  of 
W.  evaginata  presented  by  Smith 
(1908)  and  Hall  (1916)  as  noted 
above  (see  also  Mao,  1939,  and  Olsen 
and  Tolman,  1951,  for  further  inter¬ 
pretations)  . 

The  desirability  of  further  studies 
of  W.  longejector  is  indicated. 
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EFFECTIVENESS  OF  A  CROW  TRAP  IN  INDIA 

GEORGE  H.  DUNGAN 
University  of  Illinois,  Urloana 


Crows  are  numerous  in  India. 
They  serve  as  scavengers  and  as  con¬ 
sumers  of  weed  seeds  and  insects, 
but  most  observers  agree  that  the 
harm  they  do  far  exceeds  the  good. 
Crows  are  voracious  eaters  of  fruits, 
vegetables  and  partially  ripened 
maize  grain,  sorghums  and  millets. 
According  to  Allen  (1931)  crows 
require,  at  least,  half  their  own 
weight  of  food  each  day  merely  to 
exist,  and  they  can  easily  consume 
food  equivalent  to  their  full  weight. 
Smaller  adult  crows  weigh  approxi¬ 
mately  one-half  pound  each.  As¬ 
suming  that  one-half  of  the  four 
ounces  of  food  taken  per  day  per 
crow  consists  of  material  which  man 
could  eat,  in  the  course  of  a  year, 
a  single  crow  would  appropriate  45 
pounds  of  human  food. 

The  author  was  confronted  with 
the  crow  problem  while  participat¬ 
ing  in  the  maize  improvement  pro¬ 
gram  of  the  Allahadbad  Agricultur¬ 
al  Institute  in  north-central  India. 
To  have  valuable  breeding  material 
destroyed  when  the  crop  is  almost 
ready  to  harvest  is  serious  indeed. 
Employment  of  a  watchman  to  scare 
crows  away  has  only  temporary  val¬ 
ue.  The  crows  learn  to  feed  on  the 
unguarded  side  of  the  field  until 
the  watchman  approaches.  What  is 
needed  is  a  method  of  crow  destruc¬ 
tion. 

Construction  of  Crow  Trap 

A  trap  described  by  Kalmbaeh 
(1939)  had  proved  successful  in  the 


United  States  and  in  Australia  where 
the  trap  had  its  origin.  The  work¬ 
shop  of  the  Agricultural  Institute 
made  a  trap  patterned  after  the  one 
described  by  Kalmbaeh.  It  con¬ 
sisted  of  a  frame  made  of  1-  by  3- 
inch  boards,  a  ground  dimension  of 
10  by  10  feet,  and  a  height  of  6  feet 
at  the  corners.  From  the  corners 
the  top  sloped  toward  the  middle  to 
a  height  of  4.5  feet  from  the  ground 
(Fig.  1).  The  frame  was  covered 
with  fine-mesh  chicken  wire  except 
a  strip  about  18  inches  wide  running 
across  the  middle  of  the  top.  This 
18-inch  space  had  wooden  slats 
nailed  across  it  at  6-inch  intervals. 
These  -slats  had  long  spike  nails 
driven  through  them,  the  sharp  ends 
extending  downward. 

Materials  necessary  for  construc¬ 
tion  of  the  trap  at  the  Allahabad 
Agricultural  Institute  cost  approxi¬ 
mately  $12.50. 

Operation  of  the  Trap  in  India 

The  trap  should  be  placed  within 
one  hundred  feet  of  a  tree,  high  ten¬ 
sion  wire,  a  tall  building,  or  other 
structures  on  which  crows  may 
perch.  It  must  be  baited  with  an 
attractive  food  material  which  will 
entice  crows. 

Four  crows  were  used  in  an  ex¬ 
periment  to  determine  their  food 
preferences.  Different  kinds  of  feed 
were  exposed  in  flat  quart  containers 
so  that  crows,  confined  in  a  cage, 
could  choose.  The  amount  consumed 
(Table  1)  was  determined  by  weigh- 
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Fig.  1. — Crow  trap  from  above,  showing  ladder-like  strip  across  top.  There 
is  no  wire  netting  over  ladder  which  constitutes  a  door  through  which  crows  may 
enter.  Long  spike  nails  extend  downward  from  rungs  to  make  exit  difficult. 


ing  the  feed  remaining  and  calcu¬ 
lating  the  difference. 

Although  wheat  flour  proved  to 
he  preferred  over  the  other  feeds 
the  small  amount  eaten  indicated 
that  dry  grain  or  meal  was  not  at¬ 
tractive  enough  to  entice  crows  into 

a  trap.  Crow  numbers  at  the  pig¬ 
gery  where  garbage  from  the  Insti¬ 
tute  cafeteria  was  being  fed  indicat¬ 
ed  that  garbage  might  be  a  desirable 
bait.  Accordingly,  we  placed  fresh 
garbage  which  contained  a  little 
waste  meat,  bones,  potatoes  and  other 
vegetables  on  the  ground  in  the  mid¬ 
dle  of  the  trap.  Seven  days  after  the 
trap  was  so  baited  several  crows 
entered  the  trap. 

The  excited  behavior  of  the  out¬ 
side  crows  over  their  imprisoned 
fellows  showed  us  the  importance  of 
leaving  decoy  crows  in  the  trap.  Sub¬ 
sequently,  we  always  left  one  as  a 
decoy.  When  the  decoy  escaped  a 


few  days  always  passed  before  crows 
were  caught.  In  order  to  maintain 
a  decoy  at  all  times,  two  crows  were 
left  in  the  trap. 

Effectiveness  of  the  Trap 
in  India 

India  has  two  kinds  of  crows  in 
large  numbers.  One  is  the  common 
grey-necked  house  crow,  Corvus 
splendens ,  Yieillot,  and  the  other, 
the  Indian  jungle  crow,  Corvus 
macrorhynchos,  Wagler.  The  larger 
jungle  crow  dominates  the  common 
house  crow  which  gives  ground  read¬ 
ily  to  its  superior  companion. 

Study  of  the  data  in  Table  2  sug¬ 
gests  that  the  species  of  crow  caught 
is  influenced  by  that  of  the  decoy. 
It  also  shows  that  the  grey-necked 
crow  will  venture  into  a  cage  con¬ 
taining  attractive  food  even  though 
his  meal  will  be  shared  by  the  antag- 
onistic  jungle  species. 
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Table  1. — Grain  Consumed  by  Adult  Crows  in  Confinement  When 
Different  Foods  were  Available  (grams). 


Kind  of  food 

3.5  hours 

1  hour 

4  hours 

Total  8.5  hours 

Wheat  flour . 

25.7 

14.4 

19.8 

59.9 

Grain  mixture . 

26.7 

5.3 

3.0 

35.0 

Wheat  bran . 

7.0 

1.4 

0.4 

8.8 

Crushed  maize . 

7.0 

0.6 

0.2 

7.8 

Crushed  gram  ( Cicer  arietinum) .  . . 

3.7 

0.2 

0.3 

4.2 

There  were  approximately  two 
grev-necked  crows  to  each  jungle 
crow  where  the  tests  were  made. 

The  first  crow  entered  the  trap 
on  September  1,  1954.  The  number 
of  crows  trapped  in  the  next  eight 
months  is  presented  in  Table  3.  The 
number  of  crows  varied  widely  from 
month  to  month,  mainly  because  of 
difference  in  care  given  the  trap. 
Regular  attention  increased  the 
catch ;  fresh  bait  and  water  in  the 
trap  and  timely  removal  of  crows 
were  important  factors. 

Crows  visited  the  trap  in  largest 
numbers  in  the  early  morning  and 
in  the  late  afternoon.  When  pos¬ 
sible,  crows  were  removed  from  the 
trap  at  8:30  a.m.  and  about  4:45 
p.m.  Crows  were  collected  in  a  bur¬ 
lap  bag  and  later  drowned. 


Since  the  author  left  India,  the 
crow  trap  has  been  in  charge  of  Guru 
Din  Singh,  Farm  Manager  of  the 
Allahabad  Agricultural  Institute. 
From  August  16,  1955,  to  February 
16,  1956,  Mr.  Singh  caught  1,446, 
an  average  of  241  per  month.  He 
also  made  a  careful  comparison  be¬ 
tween  the  larger  10-  by  10-foot  trap 
and  a  7-  by  7-foot  trap  constructed 
on  the  same  pattern.  These  two 
traps  were  stationed  side  by  side 
and  baited  in  the  same  way.  Dur¬ 
ing  the  six  months  the  large  trap 
caught  1.446  crows,  and  the  smaller 
one  caught  only  520,  less  than  half 
as  many.  The  difference  in  catch 
was  approximately  the  same  month 
by  month,  indicating  that  large  size 
is  an  important  factor  in  the  suc¬ 
cessful  operation  of  this  type  of  trap. 


Table  2. — Relation  Between  Kind  of  Crows  Used  as  Decoys  and  Kinds  Trapped. 


Crow  used  as  decoys 

Number  o 

jungle 

f  crows  caught 

grey-necked 

Ratio  of  jungle  to 
grey-necked  crows 

Jungle . 

46 

19 

1  :  0.4 

Grey-necked . 

86 

215 

1  :  2.5 

Both  jungle  and  grey-necked.  . .  . 

7 

17 

1  :  2.4 

Total . 

139 

251 

00 

rH 

T— 1 
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Table  3. — Number  of  Crows  Trapped 
in  Nine  Months,  1954-1955. 


Month 

Number  taken 

September . 

.  217 

October  . 

.  71 

November . 

.  318 

December  . 

.  127 

January  . 

.  167 

February  . 

.  149 

March  . 

.  86 

April  . 

.  140 

May  . .  .  .  .  . 

.  24 

Total  . 

. 1299 

Average  . 

.  144 

Summary 

Crows  are  numerous  in  India. 
They  cause  economic  loss  mainly  by : 
a)  eating  human  food;  b)  destroying 
seed  of  new  crops  in  plant  breeding 


plots;  and  c)  entailing  the  guarding 
of  crops  from  their  depredations. 

An  Australian  cage-trap  was  ef¬ 
fective  in  catching  crows,  averag¬ 
ing  144  crows  per  month  in  one 
9-month  period  and  241  per  month 
in  a  6-month  period.  An  attractive 
bait  and  a  trapped  crow  or  two  in 
the  trap  were  found  essential  to  in¬ 
duce  crows  to  come  into  the  trap.  A 
trap  having  ground  dimensions  of 
10  by  10  feet  proved  about  twice  as 
effective  as  one  that  was  7  by  7  feet 
in  size. 

Literature  Cited 

Allen,  Arthur  A.  1931.  The  book  of 
bird  life.  3rd.  Print.  D.  Van  Nostrand 
Co.,  New  York.  426  pp. 

Kalmbach,  E.  R.  1939.  The  crow  in 
relation  to  agriculture.  U.  S.  Dept. 
Agric.,  Farmers’  Bull.  1102:  21  pp. 


PIGMENTS  OF  THE  EMBRYO  OF  THE 
YELLOW  NELUMBO 

S.  LANE  WILSON 

Southern  Illinois  University,  Carl>ondale 


When  seeds  of  most  angiosperms 
are  allowed  to  germinate  in  complete 
darkness,  the  seedlings  contain  no 
chlorophyll.  If  such  plants  are 
brought  into  the  light,  chlorophyll 
synthesis  takes  place  rapidly.  Smith 
and  Young  (1956)  have  reviewed 
chlorophyll  formation  in  plants. 
They  reported  that  etiolated  barley 
or  oat  leaves  will  show  the  presence 
of  chlorophyll  within  two  hours 
after  exposure  of  leaves  to  light. 
However,  Lyon  (1902)  reported 
green  pigments  present  in  the  em¬ 
bryo  of  Nelumbo.  Arata,  in  his  study 
of  the  germination  of  Nelumbo  seeds 
(1958)  mentioned  that  the  embryos 
were  green.  Meyer  and  Anderson 
(1952:  302)  stated  that  “In  a  few 
angiosperms  such  as  seedlings  of 
water  lotus  .  .  .  chlorophyll  can 

also  develop  in  the  absence  of  light. 7  7 

Methods  and  Results 

Collections  of  the  developing  flow¬ 
ers,  leaves,  and  fruits  were  made 
from  plants  of  Nelumbo  lutea 
(Willcl.)  Pers.  growing  in  Crab  Or¬ 
chard  Lake  during  the  summer  of 
1957.  These  tissues,  if  not  exam¬ 
ined  immediately,  were  stored  at 
— 20°  C.  until  further  work  could 
be  done.  Each  time  a  collection  was 
made,  some  flowers  were  examined 
for  the  presence  of  green  pigments 
in  the  embryo. 

Tissues  were  usually  ground  in  a 
mortar  using  85%  acetone  with  a 
small  amount  of  calcium  carbonate 


or  redistilled  ether  as  the  extracting 
solvent.  The  extract  of  the  embryo 
usually  had  a  more  yellow  cast  to 
it  than  did  leaf  extracts.  Identifica¬ 
tion  of  the  chlorophylls  was  made 
by  simultaneously  chromatograph¬ 
ing  leaf  and  embryo  extracts  on  the 
same  paper  in  the  same  tank.  Under 
these  conditions — using  a  solvent  of 
petroleum  ether/acetone  (90  :10  v/v) 
the  blue-green  chlorophyll  a  and  the 
green  chlorophyll  b  separated  from 
both  extracts. 

Pour  spots  of  chlorophyll  a  and 
of  chlorophyll  b  were  cut  from  sec¬ 
tions  of  the  paper  containing  the 
embryo  -extract,  eluted  with  redis¬ 
tilled  ether,  and  their  absorption 
spectra  determined  in  a  Beckmann 
D.U.  spectrophotometer.  These,  with 
the  spectrum  of  the  crude  ether  ex¬ 
tract  of  the  embryo  pigment,  are  pre¬ 
sented  in  Figures  1,  2,  and  3. 

When  an  85%  acetone  extract  of 
the  pigments  was  placed  on  a  mag¬ 
nesium  oxide  column  and  the  vari¬ 
ous  pigments  separated  by  washing 
the  column  with  85%  acetone,  a  band 
of  deep  yellow  formed  at  the  upper 
end.  This  pigment  was  held  very 
tightly,  and  it  remained  there  after 
the  chlorophylls  were  carried  from 
the  column  by  the  acetone.  The  col¬ 
umn  was  then  extruded  from  the 
tube,  the  yellow  band  cut  out  and 
its  properties  studied.  The  sub¬ 
stance  making  up  the  yellow  band 
was  soluble  in  water.  In  the  pres¬ 
ence  of  a  base,  the  yellow  color  be¬ 
came  more  intense ;  in  the  presence 
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Fig.  1. — Ether  extract  of  embryo  of 
N.  lutea. 


of  an  acid  the  yellow  color  disap¬ 
peared,  leaving*  a  colorless  solution. 

The  yellow  pigments  were  further 
identified.  Water  extracts  were  pre¬ 
pared  of  leaf  tissue,  petals,  and  em¬ 
bryonic  tissues.  Each  extract  was 
shaken  with  ethyl  acetate  in  a  sep¬ 
aratory  funnel  and  the  water  solu¬ 
tion  discarded.  The  ethyl  acetate 
was  removed  under  vacuum  and  the 
residue  taken  up  in  acetone.  This 
acetone  extract  was  used  to  spot 
Whatman  #1  filter  paper.  fThe  sol¬ 
vent  system  used  was  a  mixture  of 
n-butanol/acetic  acid/water  (6:1:2 
v/v/v)  and  the  ascending  chromato¬ 
gram  technique  was  used. 

Ten  lambda  aliquots  of  each  ex¬ 
tract  were  placed  on  the  paper,  with 
12  spots  in  all.  Paraffin  was  placed 
on  the  cover  of  the  tank,  heated,  and 
the  paper  was  fixed  thereto.  In  this 
manner  the  paper  cylinder  was  held 
above  the  solvent  until  equilibrium 
was  established  between  the  paper 
and  the  vapors  of  the  solvent.  After 
six  hours  the  paper  was  freed  from 
the  paraffin  by  heat,  placed  in  the 
solvent,  and  allowed  to  stand  for 
16  hours.  Under  the  highly  acidic 
conditions  of  the  solvent  system,  the 


yellow  color  disappeared.  The  pa¬ 
per  was  then  removed  from  the  tank, 
dried  at  room  temperature  and 
placed  in  a  tank  in  contact  with 
ammonia  fumes.  In  contact  with 
ammonia  the  yellow  color  reap¬ 
peared.  In  all  cases  there  was  evi¬ 
dence  for  two  pigments  having  Rf 
values  of  0.5  and  0.6. 

The  paper  was  further  examined 
for  the  presence  of  fluorescent  sub¬ 
stances.  Under  ultra-violet  light, 
fluorescent  spots  appeared  in  the 
flower  extracts  and  the  extract  of 
the  embryo,  but  there  was  no  fluores¬ 
cent  material  found  in  the'  leaf  ex¬ 
tract. 

When  acetone  extracts  were  re¬ 
duced  to  dryness,  taken  up  in 
ethanol,  and  treated  with  metallic 
magnesium  and  concentrated  HC1, 
a  red  color  appeared  in  all  cases. 
The  formation  of  a  red  color  upon 
reduction  of  magnesium  with  con¬ 
centrated  HC1  is  positive  identifica¬ 
tion  of  pigments  of  the  flavonoid 
type  (Geissman,  1956). 

Discussion 

The  evidence  presented  here  con¬ 
firms  earlier  statements  that  the  em¬ 
bryo  of  N.  lutea  contains  chlorophyll 
pigments.  From  the  absorption  spec- 


Fig.  2. — Ether  extract  of  chlorophyll 
a.  N.  lutea. 
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Fig.  3. — Ether  extract  of  chlorophyll 
1),  N.  lutea. 


tra  presented  in  Figures  2  and  3, 
chlorophyll  a  shows  two  maxima  at 
430  mu  and  665  mu;  chlorophyll  l) 
at  455  and  650  mu.  These  values 
are  in  good  agreement  with  the  val¬ 
ues  published  by  Zscheile  and  Comar 
(1941)  for  ethyl-etlier  extracts  of 
spinach  leaves.  These  figures  also 
give  some  indication  of  the  quanti¬ 
ties  of  the  two  chlorophylls  present. 
The  height  of  the  maxima  for  chloro¬ 
phyll  b  is  about  twice  that  of  chloro¬ 
phyll  a  in  the  embryo  extract.  This 
fact  and  the  presence  of  the  yellow 
pigments  may  account  for  the  strong 
yellowish  cast  of  all  embryo  extracts. 

As  collections  were  made,  the  de¬ 
veloping  ovule  was  examined  for 
the  presence  of  any  green  pigment 
in  the  embryo.  Such  pigments  could 
be  detected  very  early  in  the  devel¬ 
opment  of  the  embryo — almost  as 
soon  as  the  primary  leaf  could  be 
distinguished.  It  is  difficult  to  see 
how  any  light  can  come  in  contact 
with  the  young  embryo.  The  pistil 
has  a  thick,  solid  style  and  the  ovary 
is  embedded  in  a  thickened  torus. 
There  is  a  single  ovule  in  the  ovary, 
and  the  mature  “seed”  is  composed 
of  a  very  hard  ovary  wall  in  con¬ 
tact  with  the  seed  coat. 


The  reactions  of  the  yellow  pig¬ 
ments  show  that  we  are  dealing  with 
an  anthoxantlione.  It  is  interesting 
that  the  same  group  of  pigments  is 
found  in  the  petal,  the  embryo,  and 
the  mature  green  leaf.  The  pres¬ 
ence  of  fluorescent  spots  in  the  petal 
and  embryo  extract  must  also  be 
indicative  of  a  close  relationship  be¬ 
tween  these  two  tissues.  Paech 
(1955)  has  discussed  the  evidence 
for  the  appearance  of  anthocyanin 
pigments  in  young  leaves.  He  has 
suggested  that  the  flavonoid  pig¬ 
ments  may  be  present  in  leaves  but 
may  be  masked  by  other  leaf  pig¬ 
ments.  Here  is  presented  a  clear- 
cut  example  of  the  presence  of  pig¬ 
ments  of  this  kind.  These  pigments 
cannot  be  a  product  of  cell  degrada¬ 
tion  as  the  leaves  collected  were  ma¬ 
ture  in  a  very  active  condition.  The 
Rf  values  obtained  indicate  that  the 
pigments  isolated  are  different  from 
any  previously  reported  (Geissman, 
1956). 

Summary 

The  embyro  of  N.  lutea  contains 
both  chlorophyll  a  and  chlorophyll  b. 
These  pigments  are  formed  early  in 
embryonic  development  and  in  the 
absence  of  light. 

Pigments  of  the  flavonoid  type  are 
found  in  the  embryo,  the  petal  of 
the  flower,  and  the  green  leaf.  The 
pigments  isolated  from  all  three  tis¬ 
sues  are  identical.  Fluorescent  sub¬ 
stances  also  are  present  in  the  ex¬ 
tract  of  the  petal  and  the  embryo 
but  are  absent  in  the  leaf. 
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AN  ABNORMAL  STERNAL  APPARATUS  IN  A 
RUFFED  GROUSE,  BONASA  UMBELLUS 

HARVEY  I.  FISHER  AND  ROBERT  S.  ELLARSON 

Southern  Illinois  University,  Carbonclale 

and 

University  of  Wisconsin,  Madison,  Wisconsin 


Anatomical  abnormalities  were 
noted  in  an  immature  female  ruffed 
grouse  shot  by  the  junior  author  on 
October  16,  1955,  in  Clark  County, 
Wisconsin.  After  being  pointed  by 
a  dog  and  flushed,  it  flew  approxi¬ 
mately  15  yards  at  a  height  of  5  or 
6  feet  before  being  killed.  Nothing 
in  the  bird’s  behavior  or  flight  in¬ 
dicated  any  physical  abnormality. 
However,  when  the  bird  was  pre¬ 
pared  for  the  table,  it  was  found 
to  exhibit  an  unusual  development 


of  the  pectoral  region  (Fig.  1,  left). 

Although  the  pectoral  muscles 
were  symmetrical,  the  entire  muscle 
mass  was  displaced  anteriorly  along 
the  coracoids ;  the  mass  also  extend¬ 
ed  somewhat  farther  dorsally  on 
either  side.  The  breast  muscles  did 
not  extend  the  usual  distance  pos¬ 
teriorly  and  a  midline  gap  separated 
the  muscles  of  the  two  sides. 

Study  of  the  skeleton  revealed  a 

number  of  atypical  conditions.  The 

two  halves  of  the  sternum  are  asvm- 

*/ 


Pig.  1. — Ventral  views  of  pectoral  musculature  of  Bonasa  umhellus.  Normal 
bird  is  on  right. 


pIG.  2. — Ventral  view  of  abnormal  sternal  apparatus  of  Bonasa  umbellus; 
pIG  3 — Ventral  view  of  normal  sternum  of  Bonasa  umbellus ;  Fig.  4. — Lateral 
view  of  abnormal  sternal  apparatus  of  Bonasa  umbcllus  j  b  ig.  5.  Lateial  view  of 
normal  sternum  of  Bonasa  umbellus. 
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metrical  (Fig.  2)  and  have  not  fused 
to  form  a  normal  keel ;  the  two  halves 
of  the  keel  touch  anteriorly  but  are 
widely  separated  and  abbreviated 
posteriorly.  However,  a  functional 
keel  was  formed  by  the  ventrally  di¬ 
rected  halves  of  the  keel,  a  posterior 
extension  of  the  furcular  symphysis, 
and  the  fusion  of  this  symphysis 
and  the  two  keel  plates.  Such  fu¬ 
sion  is  not  usual  in  grouse  (Fig.  3). 

The  sternal  plates  are  generally 
much  reduced  in  grouse,  but  in  this 
specimen  the  median  x)r°cesses  or 
bodies  of  the  left  and  right  plates 
are  unusually  small.  The  left  lateral 
sternal  process  is  normal  in  position ; 
the  right  process  is  placed  farther 
mediad  and  dorsad  than  usual.  Both 
processes  are  normal  in  configuration 
except  for  slightly  shorter  lengths 
and  considerably  heavier  bodies.  The 
latter  may  have  developed  because 
of  the  greater  stress  on  this  part  of 
the  plate,  exerted  by  the  origin  there 
of  a  greater  than  usual  part  of  the 
pectoral  mass  of  muscles. 

The  dorsal  and  ventral  manubrial 
processes  are  reduced  and  atypical. 
The  costal  processes  are  irregular 
and  indefinite.  The  large  pneumatic 
foramen  usually  found  on  the  dorsal 
surface  of  the  sternal  body,  just  pos¬ 
terior  to  the  dorsal  manubrial  proc¬ 
ess  or  spine,  is  absent.  All  parts  of 
the  bony  sternal  apparatus  seem  to 
be  less  pneumatic,  although  can¬ 
cellous  or  spongy  bone  is  visible  ex¬ 
ternally  on  the  dorsal  borders  of  the 
unfused  sternal  plates. 

The  coracoids  are  normal  in  size 
and  configuration,  but  their  position 
is  unusual.  The  left  coracoid  ap¬ 
pears  shorter  in  Figure  2  only  be¬ 
cause  it  is  directed  so  far  ventrally, 
but  both  coracoids  deviate  from  the 
normal  in  being  more  ventrally  di¬ 


rected.  The  more  ventral  position 
of  the  anterior  end  of  the  coracoid 

may  be  related  to  the  fact  that  the 

•/ 

furculum  has  been  pulled  posterior¬ 
ly  to  fuse  with  the  ventro-anterior 
part  of  the  malformed  keel.  An¬ 
other  deviation  is  related  to  the  ven¬ 
tral  position  of  the  anterior  end  of 
the  coracoid;  the  scapula  articulates 
with  the  coracoid  at  a  less  acute 
angle.  This  may  have  been  necessary 
to  accommodate  shoulder  and  back 
muscles  attaching  to  the  scapula.  The 
scapulae  are  of  the  usual  shape  but 
slightly  subnormal  in  length.  The 
clavicles  are  asymmetrical  and 
twisted  to  the  left ;  their  symphysis 
is  distorted,  presumably  by  fusion 

to  the  sternum  and  by  its  function 

«/ 

as  a  “ substitute  keel.” 

The  only  additional  bones  avail¬ 
able  from  this  “table-dressed”  bird 
were ’humeri,  ulnae,  radii,  the  proxi¬ 
mal  two-thirds  of  the  tibiotarsi,  the 
vertebral  column  posterior  to  the 
neck,  and  the  synsacrum.  All  these, 
except  the  latter,  appear  to  be  nor¬ 
mal.  The  anterior  ends  and  dorsal 
borders  of  the  ilia  are  not  completely 
and  normally  ossified ;  cancellous 
bone  is  visible  on  the  surface  and  the 
transverse  processes  of  the  verte¬ 
brae  do  not  make  contact  with  the 
anterior  half  of  the  dorsal  border 
of  the  ilium  on  either  side. 

Abnormal  bone  formation,  partic¬ 
ularly  of  the  sternum,  has  been  re¬ 
ported  frequently.  The  present  in¬ 
stance  is  significant  because :  1 )  the 
deviations  are  apparently  not  the  re¬ 
sult  of  injury;  2)  the  malformations 
are  restricted  to  flat  bones;  and  3) 
there  has  been  a  satisfactory  read- 
justment  of  muscular  attachments 
and  masses  to  compensate  for  the 
severe  malformations  of  bones  and 
to  permit  normal  flight. 


A  HILLSIDE  MARSH  IN  EAST-CENTRAL  ILLINOIS 

RICHARD  PHIPPS  and  JOHN  SPEER 

Eastern  Illinois  University',  Charleston 


General  Description  of  Area 

The  marsh  is  located  0.6  mile  east 
and  0.3  mile  south  of  the  Route  16 
bridge  that  crosses  the  Embarrass 
River  east  of  Charleston,  Coles 
County,  Illinois.  It  consists  of  ap¬ 
proximately  one-half  an  acre  situ¬ 
ated  at  the  base  and  lower  slope  of 
a  hill  in  a  small  valley  of  an  inter¬ 
mittent  stream  flowing  directly  into 
the  Embarrass  River.  The  marsh 
is  “LA  shaped,  with  one  arm  at  the 
base  of  a  west-facing  slope  and  the 
other  arm  at  the  base  of  a  north¬ 
west-facing  slope  (Fig.  1).  The 
largest  portion  of  the  west  marsh 
area  (i.e.,  adjacent  to  the  west 
slope)  is  a  flat  lowland  of  standing 
water  in  an  abandoned  stream  chan¬ 
nel.  It  affords  little  drainage  and 
includes  a  marshy  area  of  seepage 
on  the  base  of  the  slope.  All  of  the 
west  marsh  area  is  subject  to  slight 
grazing.  The  north  marsh  area  (i.e., 
adjacent  to  the  north  slope)  is  some¬ 
what  higher  on  a  five  to  ten  percent 
slope.  Although  this  area  is  better 
drained,  the  soils  were  saturated  and 
contained  some  standing  water  in 
small  depressions  throughout  1957. 
The  north  marsh  area  may  be  divided 
into  three  parts  according  to  grazing 
intensity:  heavily  grazed,  lightly 
grazed,  and  ungrazed. 

The  marsh  is  fed  by  cool  alkaline 
seepage  water  from  gravelly  de¬ 
posits  in  the  hill  which  appear  to 
be  parts  of  an  esker  on  the  Shelby- 
ville  moraine  (Fig.  1).  During  the 
winter  of  1957-58,  water  seeping 
from  the  hillside  formed  a  four-  to 


eight-inch  ice  sheet  over  both  areas. 

The  soil  is  slightly  alkaline  and 
high  in  organic  matter  to  a  depth 
greater  than  six  feet  in  the  center 
of  the  marsh,  becoming  rather  shal¬ 
low  and  mixed  with  alluvial  mate¬ 
rial  near  the  steeper  slope.  Crust¬ 
like  cementations  of  lime  and  iron 
up  to  six  inches  in  thickness  are 
common  at  the  soil  surface  of  most 
of  the  north  marsh  area.  These  are 
formed  as  minerals  are  precipitated 
out  of  the  seepage  water.  The  soil 
near  the  stream  is  light  sandy  al¬ 
luvium.  In  late  June,  1957,  a  seven 
and  one-half  inch  rainfall  caused 
the  stream  to  flood  the  west  marsh 
area  leaving  a  four-  to  eight-inch 
layer  of  sand  on  the  southern  end. 
This  changed  the  drainage  of  the 
area  so  that  this  end  of  the  west 
marsh  area  contained  less  standing 
water  than  previously. 

List  of  the  Vascular  Plants 

The  collection  area  extended  to 
the  limits  of  the  creek  on  the  west, 
to  the  border  of  the  marsh  on  the 
north,  and  up  to  the  dryer  hillside 
on  the  east  (Fig.  1).  Several  mar¬ 
ginal  herbs  were  collected,  but  no 
attempt  was  made  to  include  trees 
of  the  adjacent  forest.  The  areas 
were  observed  every  week  beginning 
in  March,  1957,  and  ending  in  Octo¬ 
ber  of  the  same  year.  All  specimens 
were  placed  in  the  herbarium  at 
Eastern  Illinois  University.  The  sys- 
tern  of  classification  was  that  of 
Jones  (1950).  The  vascular  plants 
marked  with  an  asterisk  have  not 
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Fig.  1.  Map  of  marsh  showing  grazing  intensities.  Numbered  points  represent 
temperature  stations.  Insert  shows  approximate  profile  of  line  AB  on  map. 


previously  been  reported  for  Coles 
County : 

Equisetaceae 
Equisetum  arvense  L. 

E.  hyemale  L.* 

Selciginella  sp. 

Typliaceae 

Typha  lati folia  L. 

Alismataceae 
Alisma  subcordatum  Raf. 

8agittaria  latifolm  Willd.* 

Gramineae 

Bromus  racemosus  L.* 

Glyceria  striata  (Lam.)  Hitchc. 
8plienopTiolis  oMusata  (Michx.) 
Scribn.* 

Cyperaceae 

Carex  blanda  Dewey 
C.  hystricina  Muhl.* 

C.  lacustris  Willd.* 

C.  lurida  Wahl. 

C.  muhlenbergii  Schk.* 


C.  shortiana  Dewey  * 

C.  scoparia  Sclik.* 

G.  vulpinoidea  Michx. 

Cyperus  diandrus  Torr.* 

G.  flavescens  L. 

G.  strigosus  L. 

Eleocharis  calva  Torr.* 

Scirpus  atrovirens  Willd. 

8.  validus  Vahl  * 

Commelinaceae 

Tradescantia  virginiana  L. 
Juncaceae 

J uncus  interior  Wieg.* 

J.  tenuis  Willd. 

J.  torreyi  Coville 
Liliaceae 

Trillium  recurvatum  Beck 
Vvularia  grandiflora  Sm. 
Iridaceae 

Iris  shrevei  Small  * 

Sisyrinchium  angustifolium  Mill. 
Salicaceae 

Salix  discolor  Muhl. 

8.  nigra  Marsh. 
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Urticaceae 

Boehmeria  cylindrica  (L.)  Sw. 
Polygonaceae 

Polygonum  virginianum  L. 
Nyctaginaceae 

Mirabilis  nyctaginea  (Michx.)  MacM. 
Portulacaceae 

Claytonia  virginica  L. 

Caryophyllaceae 

Saponaria  officinalis  L. 

Silene  stellata  (L.)  Ait.  f. 
Ranunculaceae 

Anemone  virginiana  L. 

Caltha  palustris  L. 

Isopyrum  biternatum  (Raf.)  Torr.  & 
Gray 

Ranunculus  septentrionalis  Poir. 
Thalictrum  dioicum  L. 

T.  revolutum  DC. 

Berberidaceae 

Podophyllum  peltatum  L. 

Cruciferae 

Cardamine  bulbosa  (Schreb.)  BSP. 
Grossulariaceae 

Ribes  americanum  Mill. 

Rosaceae 

Agrimonia  Pubescens  Wallr 
Gillenia  stipulata  (Muhl.)  Trel. 

G-eum  canaclense  Jacq. 

Leguminosae 

Aynphicarpa  bracteata  (L.)  Fern. 

A.  comosa  (L.)  G.  Don.* 

Apios  americana  Medic.* 

Cassia  fasciculata  Michx.* 

Desmodium  cuspidatum  (Muhl.)  Loud. 
D.  glutinosum  (Muhl.)  Wood 
Geraniaceae 

Geranium  maculatum  L. 
Balsaminaceae 
Impatiens  biflora  Walt. 

Polygalaceae 

Polygala  senega  L. 

Anacardiaceae 
Rhus  radicans  L.* 

R.  vernix  L. 

Rhamnaceae 

Ceanothus  americanus  L. 

Violaceae 

Viola  cucullata  Ait.* 

V.  striata  Ait. 

Onagraceae 

Epilobium  adenocaulon  Haussk.* 
Oenothera  biennis  L. 

Umbelliferae 

Oxypolis  rigiclior  (L.)  Raf. 
Primulaceae 

Dodecatheon  meadia  L. 

Lysimachia  quadriflora  Sims. 
Gentianaceae 

Sabatia  angularis  (L.)  Pursh. 


Ascle-piadaceae 

Asclepias  incarnata  L. 

Convolvulaceae 

Convolvulus  sepium  L. 

Polemoniaceae 

Phlox  glaberrima  L.* 

P.  divaricata  L. 

Polemonium  reptans  L.* 
Hydrophyllaceae 

Hydrophyllum  virginianum  L. 
Boraginaceae 

Lithospermum  canescens  (Michx.) 
Lehm. 

Verbenaceae 

Phyla  lanceolata  (Michx.)  Greene. 
Verbena  striata  Vent. 

V.  urticaefolia  L. 

Labiatae 

Agastaclie  nepetoicles  (L.)  Ktze.* 
Blephilia  hirsuta  (Pursh)  Torr. 
Monarda  flstulosa  L. 

Pycnanthemum  incanum  (L.)  Michx. 
P.  pilosum  Nutt. 

Solanaceae 

Physalis  pumilci  Nutt. 
Scrophulariaceae 
Chelone  glabra  L.* 

Linclernia  anagallidea  (Michx.)  Raf.* 
Gerardia  tenuifolia  Vahl 
Mimulus  ringens  L.* 

Pedicularis  lanceolata  Michx. 
Penstemon  digitalis  Nutt. 

Scrophularia  marilanclica  L. 

Veronica  connata  Raf.* 

Acanthaceae 

Ruellia  strepens  L. 

Plirymaceae 

Phryma  leptostachya  L. 

Caprifoloaceae 

Triosteum  perfoliatum  L. 

Campanulaceae 

Campanula  americana  L. 

Lobeliaceae 

Lobelia  siphilitica  L. 

Compositae 

Achillea  millefolium  L. 

Erigeron  annuus  (L.)  Pers. 

E.  philadelphicus  L. 

Eupatorium  coelestinum  L. 

E.  perfoliatum  L. 

E.  purpureum  L. 

Helenium  autumnale  L. 

Helianthus  annuus  L.* 

Rudbeckia  hirta  L. 

Silphium  perfoliatum  L. 

Vernonia  altissima  Nutt. 

Summary :  families  —  46 ;  genera  —  86 ; 
species — 111. 
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Ecological  Description 

The  richness  of  the  vegetation  of 
the  marsh  varied  with  the  amount 
of  grazing,  so  that  not  all  the  as¬ 
sociations  are  as  they  would  be  in 
their  natural  state.  Black  willow, 
Salix  nigra,  is  dominant  around  the 
better  drained  portions  of  both 
marsh  areas  and  decreases  in  impor¬ 
tance  toward  the  more  poorly 
drained  portions.  The  largest  speci¬ 
mens  were  eight  to  ten  feet  tall  and 
occurred  adjacent  to  the  hillside 
and  in  the  ungrazed  area.  Pussy 
willow,  Salix  discolor,  was  an  occa¬ 
sional  associate  with  the  larger  black 
willows,  but  did  not  seem  to  be  re¬ 
producing.  At  the  extreme  boundary 
of  the  west  marsh  area  were  occa¬ 
sional  representatives  of  Thalictrum 
revolutum,  Triosteum  perfoliatum, 
Tradescantia  virginiana,  and  Equi- 
setum  hyemale.  Along  the  margin 
of  the  north  marsh  area  bordering 
the  woodland  the  following  spring 
species  were  noted  :  Thalictrum  dioi- 
cum,  Tradescantia  virginiana,  Clay- 
tonia  virginica,  Dodecatheon  meadia, 
and  Viola  cucidlata. 

Sedges  were  definite  dominants  in 
open  areas  during  all  but  the  early 
part  of  summer.  In  the  saturated 
regions  on  the  west  marsh  area,  the 
early  spring  aspect  dominant  was 
marsh  marigold,  Caltha  palustris, 
with  Cardamine  bullosa  as  an  asso¬ 
ciate.  During  the  early  part  of  the 
season  Glyceria  striata  and  Sphe- 
nopholis  obtusata  were  abundant  in 
the  southern  end  of  the  west  marsh 
area.  Eleocharis  calva,  Penstemon 
digitalis,  Asclepias  incarnata,  and 
Veronica  connata  were  common 
during  June  and  July  along  the 
western  border  of  the  west  marsh 
area.  Later  in  the  season  Gy  per  us 


strigosus  replaced  Glyceria  and 
Sphenopholis,  and  H elenium  au- 
tumnale  and  Budbeckia  hirta  re¬ 
placed  Asclepias. 

On  the  lightly  grazed  portion  of 
the  north  marsh  area  Lysimachia 
quadriflora  was  an  associate  with 
the  sedges  during  early  summer.  As 
the  season  progressed  Oxypolis  rigicl- 
ior  arid  Chelone  glabra  became  as¬ 
sociates  to  the  sedges.  In  the  heavily 
grazed  area  of  the  north  marsh  area 
Cyperus  dianclrus  and  C.  flavescens 
were  almost  exclusive  dominants, 
with  the  exception  of  Sagittaria  in 
the  wetter  areas.  No  species  of  large 
plants  occurred  in  this  area. 

The  ungrazed  portion  of  the  north 
marsh  area  was  occupied  by  more 
dense  vegetation  than  the  rest  of  the 
marsh.  Black  willow  was  distributed 
more  evenly  with  the  larger  willow 
trees  scattered  throughout.  The 
abundance  of  Apios  americana  on 
the  willow  made  walking  about  quite 
difficult  in  the  area.  Sedges  were 
abundant  in  openings  between  the 
willow,  with  Gar  ex  lacustris  being 
the  most  abundant  species. 

Three  species  not  common  in  East 
Central  Illinois  were  found  in  the 
marsh :  poison  sumac,  Rhus  vernix ; 
marsh  marigold,  Caltha  palustris; 
and  fireweed,  Epilobium  adenocau- 
lon.  Only  one  specimen  of  poison 
sumac  was  living,  and  it  occurred 
in  the  ungrazed  portion  of  the  marsh. 
Several  dead  stumps  were  observed, 
and  the  remaining  specimen  had 
several  dead  branches.  Distribu¬ 
tion  of  poison  sumac,  as  reported  by 
Jones  and  Fuller  (1955)  and  Dearn 
(1940),  indicates  that  it  occurs  more 
frequently  farther  north  and  east 
in  better  developed  marshy  or  boggy 
habitats  (Waterman,  1926),  but  in 
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Table  1. — Soil  Temperatures  of  the 
Marsh  on  Eight  Different  Days,  April  to 
August,  1957. 


Station 

Av. 

temp.,  F. 

Temp. 

range 

1 

(dry  hillside)  .  .  .  . 

.  .  .69 

57-89 

2 

(standing  water)  . 

.  .  .64 

55-74 

3 

(willow  shade)  .  .  . 

.  .  .62 

52-74 

4 

(point  of  seepage) 

.  .  .59 

51-65 

the  study  area  this  species  is  evi¬ 
dently  at  the  limit  of  its  range.  The 
sumac  stumps  suggest  that  in  recent 
years  conditions  must  have  been  less 
favorable  for  the  growth  of  this 
species. 

Two  specimens  of  fireweed  were 
found  along  the  north-west  border 
of  the  west  marsh  area.  These  were 
at  least  100  miles  south  of  other  re¬ 
ported  specimens,  Jones  and  Fuller 
(1955)  and  Deam  (1940).  The  oc¬ 
currence  of  only  two  individuals 
suggests  that  fireweed  may  be  a  relic 
which  may  soon  be  eliminated  from 
the  area. 

Marsh  marigold  was  abundant 
throughout  a  good  part  of  the  marsh 
and  occurred  in  several  other  cool 
seepage  areas  in  the  valley.  The 
distribution  of  mars h  marigold 
(Jones  and  Fuller,  1955;  and  Deam, 
1940)  indicates  that  this  species  is 
not  common  in  east-central  Illinois 
and  approaches  its  southwestern 
limit  in  Coles  County.  In  the  areas 
of  relatively  high  light  intensities 
marsh  marigold  appeared  largely 
restricted  to  standing  water,  but 
where  shade  was  provided  by  wil¬ 
lows  it  was  most  abundant  in  areas 
of  little  or  no  standing  water.  To 
determine  whether  soil  temperature 
is  a  factor  in  this  distribution  the 


the  average  and  extreme  soil  tem¬ 
peratures  were  taken  at  a  three-inch 
depth  for  eight  readings  at  each  of 
four  stations  (Fig.  1)  from  April 
through  August,  1957,  (Table  1). 
The  coldest  temperatures  were  where 
water  seeped  from  the  hill  (station 
4)  while  the  highest  temperatures  oc¬ 
curred  outside  the  marsh  on  the  drv 

%j 

hill  above  the  seepage  (station  1). 
The  shaded  areas  (station  3)  ap¬ 
peared  to  be  cooler  than  the  open 
areas  of  standing  water  (station  2). 
Ten  other  temperature  stations 
similar  to  stations  2  and  3  were  ob¬ 
served  with  comparable  results. 
Since  the  temperatures  of  the  soil 
in  standing  water  (station  2)  ap¬ 
peared  to  be  slightly  higher  than 
the  temperatures  in  the  shade  (sta¬ 
tion  3),  it  may  be  suggested  that  the 
persistence  of  marsh  marigold  in 
the  marsh  is  dependent  upon  the 
presence  of  standing  water,  or  upon 
cool  temperatures  maintained  by 
partial  shade. 

The  several  communities  arranged 
according  to  soil  drainage  and 
amount  of  grazing  suggest  a  succes- 
sional  pattern  in  which  sedges  were 
the  pioneers  in  the  seepage  and  the 
most  poorly  drained  areas.  Marsh 
marigold  may  be  present  in  this 
stage  as  an  associate,  but  it  will  not 
reproduce  itself  where  drainage  in¬ 
creases.  Apparently  it  is  most  sus¬ 
ceptible  to  this  moisture  change  if 
it  is  in  direct  sunlight ;  in  some  shade 
it  often  persists  into  later  stages. 
Black  willow  and,  in  some  areas, 
pussy  willow  invaded  the  sedge  as¬ 
sociation.  Both  species  reached  a 
height  of  eight  to  ten  feet  with  pussy 
willow  as  an  associate  with  the  domi¬ 
nant  black  willow.  Puss3r  willow 
was  not  reproducing  itself  on  the 
marsh  as  was  black  willow. 
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The  abundance  of  many  young 
black  willows  apparently  invading 
the  open  marsh,  the  death  of  poison 
sumac,  the  occurrence  of  only  two 
specimens  of  fireweed,  and  the  lack 
of  reproduction  of  pussy  willow  all 
point  to  a  changing  environment. 

Perhaps  this  indicates  that  the 
species  here  represented  at  the  limit 
of  their  range  may  eventually  die 
and  be  replaced  by  the  willow.  The 
willow  may  even  be  further  replaced 
by  some  of  the  flood  plain  trees  such 
as  sycamore,  elm,  and  box  elder 
which  occur  along  the  stream  bank. 
However,  the  deep  organic  soil 
points  to  the  fact  that  the  marsh  has 
persisted  for  a  long  time,  perhaps 
since  the  Pleistocene.  If  part  of  the 
area  continues  to  be  protected  from 
grazing  and  continues  to  receive  cool 
alkaline  seepage,  it  is  very  possible 
that  this  unique  community  may  be 
able  to  persist  in  this  local  micro¬ 
environment.  Under  these  conditions 
poison  sumac  and  fireweed  might 
not  persist,  but  marsh  marigold 
would  probably  continue  in  the  shade 
of  the  stunted  willow  association. 
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Summary 

A  unique  marsh  in  east-central 
Illinois  was  studied  in  1957  from 
a  floristic  and  ecological  viewpoint. 
Of  the  111  species  in  46  families 
collected,  29  species  had  not  previ¬ 
ously  been  reported  in  Coles  County. 
The  marsh  contained  several  species 
at  the  limits  of  their  ranges,  the  per¬ 
sistence  of  which  is  dependent  upon 
cool  alkaline  seepage  areas.  Suc¬ 
cession  is  thought  to  occur  from  an 
open  sedge  association  to  a  willow 
association.  Fireweed  and  poison 
sumac  may  disappear,  but  marsh 
marigold  will  probably  remain  in  the 
willow  association  if  grazing  is  mini¬ 
mized  and  if  standing  water  and 
present  temperatures  persist. 
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THE  EUROPEAN  POPULATION  OF  NY  AS  ALAND 
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Although  significant  European 
penetration  of  Tropical  Africa  be¬ 
gan  less  than  a  century  ago,  today 
Europeans  are  widely  distributed 
throughout  the  area.  Relatively 
large  numbers  of  Europeans  are 
found  in  Southern  Rhodesia,  North¬ 
ern  Rhodesia,  Angola,  Kenya,  Tan¬ 
ganyika,  and  the  Belgian  Congo.  The 
majority  of  the  Europeans  who  have 
gone  to  tropical  Africa  during  the 
past  century  have  remained  there 
for  a  limited  period  of  time  in  such 
occupations  as  traders,  missionaries, 
administrators,  and  miners.  Only 
since  the  beginning  of  the  20th  cen¬ 
tury  has  there  been  an  increasing 
number  of  Europeans  who,  accom¬ 
panied  by  their  families,  have  en¬ 
tered  tropical  Africa  with  the  inten¬ 
tion  of  establishing  permanent  resi¬ 
dences.  The  presence  of  mineral  re¬ 
sources  has  been  one  of  the  principal, 
and  certainly  the  most  dramatic, 
factors  attracting  Europeans  to  vari¬ 
ous  sections  of  tropical  Africa.  The 
majority  of  the  Europeans  who  have 
entered  tropical  Africa  in  connec¬ 
tion  with  mineral  exploitation,  how¬ 
ever,  have  remained  for  only  a  lim¬ 
ited  period  of  time. 

The  primary  basis  for  a  more  per¬ 
manent  type  of  European  settlement 
in  tropical  Africa  has  been  agricul¬ 
ture.  The  location  of  land  with  a 
potential  for  agricultural  develop¬ 
ment  has,  of  course,  been  restricted 
by  environmental  conditions.  In 
contrast  to  valuable  mineral  deposits, 
land  with  a  promising  agricultural 
potential  has  attracted  European 


settlement  to  a  much  smaller  extent. 
For  example,  within  the  territory 
of  Nyasaland,  there  are  four  high¬ 
land  regions  which  are  suitable  for 
European  agricultural  development 
and  settlement ;  but  in  spite  of  this 
the  European  population  has  re¬ 
mained  small,  with  most  of  the  Euro¬ 
peans  confined  to  a  single  highland 
region  in  the  south.  The  small  size 
and  uneven  distribution  of  the  Euro¬ 
pean  population  elsewhere  in  Nyasa¬ 
land  reflect  a  variety  of  factors 
which  include  isolation  and  inacces¬ 
sibility  in  terms  of  existing  transpor¬ 
tation  facilities,  lack  of  valuable  min¬ 
eral  resources  and,  until  recently,  a 
lack  of  government  encouragement 
and  sponsorship  of  settlement. 

Size  and  composition  of  the  Euro¬ 
pean  population. — Lake  Nyasa  was 
discovered  by  David  Livingstone  in 
1859,  but  only  a  few  missionaries 
and  government  officials  entered  the 
area  before  Nyasaland  was  made  a 
British  Protectorate  in  1891.  When 
the  first  official  census  was  taken  in 
1911,  there  were  766  Europeans. 
The  European  population  of  Nyasa¬ 
land  increased  at  a  relatively  slow 
rate  until  the  end  of  the  Second 
World  War. 

Table  1  indicates  the  changes  in 
the  number  of  Europeans.  North¬ 
ern  Rhodesia  has  an  abundance  of 
rich  mineral  deposits;  Table  1  illus¬ 
trates  the  effect  that  mineral  re¬ 
sources  can  exert  on  the  develop¬ 
ment  of  European  population.  Ken¬ 
ya  is  more  of  an  agricultural  settle¬ 
ment,  and,  although  the  European 
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Table  1. — Total  European  Population 


Year 

Nyasaland 

Northern  Rhodesia 

Kenya 

1911 . 

7661 

1 ,497J 

3A751 

1921 . 

R4311 

3,634! 

9,651! 

1931 . 

1 ,  9751 

13,846! 

16,812! 

1945 . 

1 , 9481 

20.1422 

23 , 0332 

1950 . 

4 , 0002 

36 , 0002 

29 , 6602 

1  Official  European  census. 

2  Official  European  estimate. 


population  continued  to  increase,  it 
was  at  a  slower  rate  than  in  North¬ 
ern  Rhodesia.  In  the  relatively  pros¬ 
perous  decade  between  1921  and  1931 
the  European  population  of  North¬ 
ern  Rhodesia  increased  almost  four 
times,  Kenya ’s  population  nearly 
doubled,  but  the  increase  in  Nyasa- 
lancl  was  relatively  small.  It  was 
only  after  1945  that  a  relatively 
large  increase  in  Nyasaland ’s  Euro¬ 
pean  population  occurred  as  the 
result  of  a  government-sponsored  de¬ 
velopment  plan  and  official  encour¬ 
agement  of  European  immigration. 
The  1956  census  estimated  that  the 
European  population  of  Nyasaland 
was  6,730,  in  contrast  to  Northern 
Rhodesia’s  64,810  Europeans. 

The  composition  of  the  European 
population  in  Nyasaland,  in  terms  of 
the  number  of  males,  females,  and 
ages,  changed  considerably  during 
the  period  of  European  settlement. 
The  1921  European  census  of  Nyasa¬ 
land  indicated  a  total  European 
population  of  1,431,  of  whom  68.3% 
(977)  were  males  and  31.7%  (454) 
were  females.  Furthermore,  14.8% 
(212)  were  children  under  the  age 
of  20.  It  could  be  concluded  that 
such  a  population  structure  was 
typical  of  a  pioneer  society  wherein 
European  adult  males  predominated. 


By  1945,  the  date  of  the  latest  avail¬ 
able  European  Census  of  Nyasaland, 
the  number  of  Europeans  was  1,948, 
with  equal  numbers  of  females 
and  males  between  the  ages  of  25  and 
65.  The  paucity  of  children  under 
the  age  of  twenty  noted  in  1921  and 
1945  was -due  to  the  fact  that  most 
European  families  sent  their  chil¬ 
dren  back  to  their  country  of  origin, 
(mainly  to  Great  Britain)  for  fur¬ 
ther  education.  According  to  the 
1956  census,  there  were  3,710  Euro¬ 
pean  males  and  3,020  females. 

The  occupational  composition  of 
the  gainfully  employed  Europeans 
in  Nyasaland  has  remained  stable. 
In  1911  the  two  largest  occupational 
groups  were  services,  which  account¬ 
ed  for  56%  of  the  working  popula¬ 
tion,  and  agriculture,  which  account¬ 
ed  for  19%  of  the  workers.  In  1950, 
58%  of  the  European  workers  were 
engaged  in  services  and  22%  in  ag¬ 
riculture. 

Distribution  of  Europeans.  —  The 
European  population  is  unevenly 
distributed  in  Nyasaland  wherein 
most  of  the  Europeans  have  always 
been  located  in  the  Shire  Highland 
(Figs.  1  and  2).  In  addition  to  the 
Shire  Highland  there  are  three  other 
areas  in  Nyasaland  which  are  favor¬ 
able  for  European  agricultural  set- 
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Fig.  1. — Regions  of  Nyasaland. 


tlement:  the  Western  Upland,  the 
Mlanje  Highland,  and  the  Northern 
Hi  ghlands.  Within  each  of  these 
areas  there  is  arable  land,  moderate 
temperature,  and  adequate  rainfall. 
On  the  other  hand,  in  the  low-lying 
Lake  Plain,  temperatures  are  high 
and  rainfall  is  heavy ;  in  the  South¬ 


ern  Lowland  rainfall  is  sparse  and 
temperatures  are  high. 

In  the  Shire  Highland  the  arable 
land  is  more  than  3,500  feet  above 
sea  level  with  moderate  tempera¬ 
tures,  extremely  fertile  soils,  and  an 
annual  rainfall  between  40  and  50 
inches.  The  Shire  Highland  was  the 
first  region  of  European  settlement, 
primarily  because  of  its  accessibility 
via  the  Shire  and  Zembezi  rivers. 
The  first  railroad  penetrated  the 
Shire  Highland  in  1908  when  a  line 
was  completed  between  Blantyre 
and  Port  Herald  on  the  Shire  River. 
In  1935  the  Zembezi  River  Bridge 
was  opened  and  through  railroad 
service  was  established  with  the  In¬ 
dian  Ocean  port  of  Beira  in  Portu¬ 
guese  East  Africa. 

The  1911  European  Census,  just 
three  years  after  the  completion  of 
the  railroad,  indicated  that  55%  of 
the  total  European  population  was 
located  in  the  Shire  Highland.  In 
1945  (Fig.  2)  62.5%  of  the  1,948 
Europeans  were  in  this  region  along 
with  the  three  urban  centers  of  Blan¬ 
tyre,  Limbe,  and  Zomba  (the  admin¬ 
istrative  capital). 

The  most  extensive  and  diversified 
European  agricultural  activity  has 
developed  in  the  Shire  Highland.  In 
1922,  the  principal  crops  grown  by 
Europeans  were  tobacco  and  cotton, 
more  than  10,000  acres  each  (Fig.  3). 
Other  important  crops  of  the  Euro¬ 
peans  at  that  time,  in  order  of  acre¬ 
age,  were  maize,  legumes,  and  tim¬ 
ber.  By  1940  the  agricultural  em¬ 
phasis  had  changed ;  cotton  was  no 
longer  produced  and  there  had  been 
a  considerable  decrease  in  tiie  tobacco 
acreage.  Timber  and  tea  have  be¬ 
come  the  two  principal  European- 
produced  crops  in  the  Shire  High- 
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land  with  about  10,000  acres  in  each 
crop.  Tea  greatly  increased  in  im¬ 
portance,  and  now  the  Shire  High¬ 
land  is  the  principal  tea-producing 
region  with  over  11  million  pounds 
of  tea  in  1956.  Timber  production 
has  remained  important,  while  tung 


and  sisal  production  have  increased. 

The  second  largest  group  of  Euro¬ 
peans  (427  in  1945)  is  in  the  West¬ 
ern  Upland  Region.  The  develop¬ 
ment  of  highways  between  1932  and 
1945  modified  the  isolation  of  this 
region.  Here  elevations  range  be¬ 
tween  3,000  and  5,000  feet  above 
sea  level  and  the  annual  rainfall  is 
smaller  than  in  the  Shire  Highland. 
Tobacco  has  been  the  principal  crop 
in  this  region,  but  oil  crops  (tung 
and  groundnuts)  have  recently  as¬ 
sumed  significance. 

A  small  concentration  of  Euro¬ 
peans  (143  in  1945)  is  located  in 
the  isolated  Mlanje  Highland  Re¬ 
gion.  Within  this  region  there  are 
areas  of  fertile  loam  soils  and  rain¬ 
fall  of  about  110  inches  annually. 
Tea  has  been  the  major  crop  pro¬ 
duced  ;  in  1956  the  Mlanje  tea  estates 
produced  more  than  9,000,000 
pounds  of  tea.  Timber  has  become 
the  crop  of  second  imxmrtance,  fol¬ 
lowed  by  tobacco. 

The  Northern  Highlands  Region 
consists  of  the  Vipya  and  Nyika 
plateaus  where  elevations  range  be¬ 
tween  6,000  and  8,000  feet  above  sea 
level.  There  are  only  a  fewr  Euro¬ 
peans  in  this  area  due  in  part  to  its 
isolation  by  distance  and  the  lack 
of  transportation  facilities.  Tea  pro¬ 
duction  was  introduced  to  this  area 
in  1956  and  rubber  is  produced  near 
the  base  of  the  Vipya  Plateau  where 
there  is  an  evenly  distributed  annual 
rainfall  of  between  70  and  100 
inches. 

Agricultural  production  and  ex¬ 
ports. — The  foreign  trade  of  Nyasa- 
land  has  been  based  upon  the  de¬ 
velopment  of  agricultural  produc¬ 
tion.  Because  many  agricultural  ef¬ 
forts  have  been  experimental  and 
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EUROPEAN 

ACRES  -  RUBBER 


Fig.  3. — European  commercial  agriculture. 


because  of  price  fluctuations  in 
world  markets,  the  importance  of 
various  crops  has  changed  and  the 
acreages  of  most  crops  have  fluctu¬ 
ated  considerably.  Tea  production 
has  steadily  expanded  and  tobacco 
acreage  has  increased  steadily  since 
1937.  Tobacco,  grown  primarily  in 
the  Western  Upland  and  Shire  High¬ 
land  regions,  is  the  most  valuable 
export  crop  and  in  1956  tobacco  ex¬ 
ports  were  worth  more  than  £3,000,- 
000.  Tea,  produced  primarily  in  the 
Shire  and  Mlanje  highlands,  is  the 
second  most  important  export  crop. 
The  value  of  tea  exports  in  1956  was 
£2,900,000.  Cotton,  once  the  prin¬ 
cipal  crop  of  Nyasaland,  is  no  longer 
produced  by  Europeans,  and  coffee 
and  rubber  failed  to  materialize  as 
important  crops.  Three  relatively 


new  crops  which  have  gained  sig¬ 
nificance  are  timber,  tung,  and  sisal. 

The  future. — The  European  pop¬ 
ulation  of  Nyasaland  will  probably 
increase  slowly  and  primarily  in  con¬ 
nection  with  increased  agricultural 
development.  With  extension  and 
expansion  of  highway  transporta¬ 
tion  facilities,  the  European  pop¬ 
ulation  will  probably  be  somewhat 
more  widely  distributed,  but  the 
general  distribution  patterns  will  re¬ 
main  essentially  the  same.  But 
promising  ore  with  a  high  uranium 
content  has  recently  been  discov¬ 
ered  in  Nyasaland.  If  this,  or  future 
discoveries,  should  prove  the  pres¬ 
ence  of  valuable  mineral  reserves, 
there  could  be  significant  increases 
in  the  number  and  distribution  of 
Europeans  in  Nyasaland. 


THE  FUTURE  STATUS  OF  THE  NUTRIA, 
FUR-BEARING  RODENT,  IN  ILLINOIS 

DONALD  F.  HOFFMEISTER 

University  of  Illinois ,  Urbana 


Persons  are  being  encouraged  to 
introduce  into  Illinois  tlie  South 
American  rodent  known  as  the  nu¬ 
tria,  Myoeastor  coypus.  Lucrative 
gains  have  been  promised  by  breed¬ 
ers  ’  associations  to  those  raising 
these  animals  on  fur  farms.  Before 
extensive  introductions  are  made, 
however,  it  is  wise  to  review  the 
facts  concerning  the  nutria  and  to 
predict  its  future  value  as  a  fur¬ 
bearing  rodent  in  Illinois. 

The  nutria  is  native  from  Para¬ 
guay  to  the  Straits  of  Magellan.  It 
is  closely  related  to  the  guinea  pig 
and  porcupine  and  is  only  distantly 
related  to  the  muskrat.  An  aquatic 
rodent  weighing  as  much  as  25  to 
35  pounds,  it  resembles  a  beaver,  but 
lias  a  round,  not  paddle -shaped, 
naked  tail.  The  mammary  glands 
are  located  on  the  sides  rather  than 
on  the  abdomen.  Nutrias  are  docile 
and  less  wary  of  humans  than  musk¬ 
rats  or  beavers.  In  many  places 
where  nutrias  have  been  liberated, 
they  are  active  during  the  daytime ; 
in  other  places  they  are  active  only 
at  night. 

Under  ideal  conditions,  nutrias 
feed  almost  entirely  an  aquatic  veg¬ 
etation  along  the  edges  of  marshes 
and  ponds,  or  out  in  these  bodies 
of  water.  They  prefer  cattails,  reeds, 
and  various  other  types  of  aquatic 
vegetation.  Their  nests  are  usually 
made  among  reeds  and  sedges  and 
are  built  by  piling  together  the  cut 
twigs  of  these  plants,  forming  a 
somewhat  bird-like  nest.  Sometimes 


the  animals  burrow  into  banks.  The 
burrows  are  short  and  from  eight  to 
nine  inches  in  diameter.  Nutrias  will 
not  eat  the  algae  or  water  mosses 
found  in  many  of  our  ponds  and 
swamps.  They  are  said  to  clear  out 
this  type  of  “ vegetation”  but  such 
does  not  seem  to  be  the  case. 

Under  favorable  conditions  these 

animals  will  breed  the  year  around 

and  each  adult  female  may  produce 

two  or  three  litters  each  vear  with 

«/ 

an  average  of  five  young  in  a  litter. 
The  young  are  precocial  and  care 
for  themselves  effectivelv  a  few  hours 
after  birth.  They  weigh  about  one- 
half  pound  at  birth,  grow  rapidly, 
and  reach  sexual  maturity  in  less 
than  six  months.  Under  favorable 
conditions,  nutrias  are  as  prolific  as 
rabbits ! 

Captive  nutrias  on  fur -farms 
would  not  compete  with  the  native 
muskrats.  However,  wherever  nu¬ 
trias  have  been  introduced  as  farm 
animals,  some  almost  invariably  have 
escaped  because  of  ineffective  pen¬ 
ning,  flood  damage  to  the  pens,  or 
other  factors.  Once  free,  they  could 
readily  establish  themselves  in  na- 
ture  in  many  parts  of  the  United 
States.  Their  food  habits,  breeding 
habits,  and  general  behavior  place 
such  nutrias  in  direct  competition 
with  our  native  muskrat.  It  seems 
inevitable  that  they  will  usurp  much 
of  the  food  of  the  muskrat  and  by 
their  prolificacy  outnumber  them  in 
a  short  time. 

The  nutria  has  been  introduced  in 
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many  parts  of  the  world,  including 
most  states  in  the  United  States,  Eu¬ 
rope,  and  Russia.  Perhaps  its  most 
extensive  introduction  and  fur-farm¬ 
ing  has  taken  place  in  the  southern 
United  States.  In  many  places,  nu¬ 
trias  have  been  released  in  open 
bodies  of  water,  such  as  small  lakes 
and  ponds,  where  it  was  felt  that 
they  could  naturally  feed  upon  the 
vegetation  choking  the  lakes  and 
prove  beneficial  both  by  clearing  out 
the  vegetation  and  as  a  source  of 
income  from  their  fur.  In  some  cases, 
they  have  soon  eaten  all  shore  vege¬ 
tation.  Nutrias,  released  in  one  lake 
in  Texas,  cleaned  away  all  marginal 
vegetation,  then  turned  to  larger 
items  such  as  small  trees,  and  most 
recently  have  been  swimming*  out  in¬ 
to  the  lake  and  feeding  on  the  duck- 
blinds,  the  supports  of  which  they 
have  completely  cut,  and  caused  the 
blinds  to  sink. 

In  many  parts  of  the  southern 
United  States,  nutrias  have  become 
such  pests  that  numerous  requests 
are  being  made  for  practical  meth¬ 
ods  of  eliminating  them.  There  is  no 
practical  method  known  for  remov¬ 
ing  them.  In  some  states,  such  as 
Texas,  they  can  be  killed  legally  at 
any  time  and  by  any  method.  Nev¬ 
ertheless,  they  still  continue  to  in¬ 
crease  and  remain  a  pest. 

Nutrias  have  not  only  failed  to 
remove  moss  from  clogged  ponds, 
but  their  burrowing  activities  have 
weakened  earthen  dams  and  levies. 
Their  extensive  utilization  of  shore 
vegetation  has  forced  the  native 
muskrats  out  of  some  areas  and  de¬ 
stroyed  valuable  waterfowl  habitat. 

It  seems  apparent  that  what  has 
happened  in  Texas  and  other  south¬ 
ern  states  with  regard  to  nutrias  in 


the  wild  may  very  well  happen  in 
Illinois.  Although  it  might  be  the 
intention  to  keep  all  nutrias  in 
fenced  fur  farms,  it  is  predictable 
that  circumstances  will  enable  nu¬ 
trias  to  escape.  It  seems  probable 
that  in  Illinois  they  would  establish 
themselves  along  drainage  ditches 
and  around  ponds  in  such  a  fashion 
that  they  would  be  a  real  menace 
to  the  native  muskrat  and  water- 
fowl.  They  would  compete  with  other 
mammals  living  in  marshy  areas,  in¬ 
cluding  the  swamp  rabbit,  and  in 
general  become  so  numerous  as  to 
be  a  threat  to  many  kinds  of  wild¬ 
life. 

Promoters  have  claimed  that  the 
fur  of  the  nutria  is  far  more  valu¬ 
able,  in  dollars  and  cents,  than  that 
of  the  muskrat.  They  maintain  that 
a  nutria  skin  will  bring  up  to  $75 
and  ask  as  much  as  $1000  for  a  pair 
of  breeding  nutrias.  Actually,  nu¬ 
tria  pelts  are  sellings  for  from  25 
cents  to  $2.50  (average  about  $1.25) 
on  the  .1958  fur-market.  Further¬ 
more,  fur-buyers  are  hesitant  to 
take  nutria  pelts  even  at  these  low 
prices.  It  is  unlikely  that  nutria  fur 
will  bring  appreciably  greater  prices 
in  the  next  few  years.  The  muskrat 
in  Illinois  was  bringing  about  $2.50 
in  1958,  or  about  twice  the  average 
amount  for  the  nutria.  The  muskrat 
tends  to  maintain  a  satisfactory  bal¬ 
ance  in  its  habitat  and  should  con¬ 
tinue  to  produce  over  many  years, 
whereas  the  introduced  nutria  all  too 
often  “eats  itself  out  of  house  and 
home”.  The  end  result  may  be  that 
first  the  nutria  will  drive  the  musk¬ 
rat  out  and  then  drive  itself  out  bv 

t/ 

destroying  all  available  food. 

The  National  Better  Business  Bu¬ 
reau,  the  National  Fur  News,  and 
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many  other  organizations  have  cau¬ 
tioned  prospective  investors  to  check 
the  economic  aspects  of  nutria-farm¬ 
ing. 

Because  of  the  low  economic  gains 
from  nutria-farming  and  because 
of  the  probable  undesirable  effects 
of  introducing  another  non-native 


mammal  which  may  replace  a  valu¬ 
able  fur-bearer,  it  is  advisable  to  ex¬ 
ercise  careful  controls  over  any  im¬ 
portations  and  plantings  of  nutria 
within  the  state  of  Illinois.  It  would 
seem  most  desirable  to  forbid  any 
importations,  plantings,  and  fur- 
farming  of  nutria  within  Illinois. 


A  PRELIMINARY  INVESTIGATION  OF  THE 
BINDING  ENERGY  OF  LiH 

BORIS  MUSULIN  and  DONALD  R.  JAMIESON 

Southern  Illinois  University ,  Garhondale 


In  a  previous  paper,  Musulin 
(1956),  an  empirical  method  for  the 
calculation  of  molecular  screening* 
constants  was  presented.  The  pur¬ 
pose  of  this  paper  is  to  make  an  ex¬ 
ploratory  calculation  of  the  binding 
energy  of  the  LiH  molecule  using  a 
wave  function  containing  a  molec¬ 
ular  screening  constant.  This  type 
of  wave  function,  containing  only 
one  screening  constant,  is  much  sim¬ 
pler  than  conventional  wave  func¬ 
tions  of  heteronuclear  diatomic  mole¬ 
cules  which  demand  the  use  of  two 
parameters.  The  simplification  is 
even  greater  for  those  calculations 
including  the  effect  of  inner  shell 
electrons  of  atoms  having  a  principal 
quantum  number  equal  to  or  greater 
than  two. 

Method  of  Calculation 

The  LiH  molecule  is  the  simplest 
diatomic  molecule  involving  elec¬ 
trons  of  principal  quantum  number 
equal  to  2.  This  molecule  should 
provide  an  excellent  test  of  a  molec¬ 
ular  screening  constant  in  the  place 
of  the  individual  atomic  screening 
constants  suggested  by  Slater 
(1930).  The  molecule  has  a  polar 
nature  and  thus  provides  an  excellent 
test  of  the  effect  of  ionic  terms  in  a 
complete  wave  function. 

The  simplest  approximation  is  to 
consider  a  covalent  bond  between 
the  Is  electron  of  the  hydrogen  atom 
and  the  2s  electron  of  the  lithium 
atom.  The  Is  electrons  of  the  lithium 


atom  are  considered  to  be  part  of 
the  nuclear  core. 

The  Hamiltonian  operator  for  the 
system  is  given  (in  atomic  units)  by 

1)  below. 

A  Heitler-London  (Valence  Bond) 
approach  is  used.  The  wave  func¬ 
tion  of  the  system  being  of  form 

2)  below. 

Parallel  calculations  were  per¬ 
formed  using  hydrogenic  2s  func¬ 
tions  and  Slater  2s  functions  for  the 
lithium  atom.  They  are  3)  below. 

The  energy  eigenvalue  is  calcu¬ 
lated  by  4)  below. 

The  molecular  screening  constant 
is  calculated  by  an  equation  of  form 

5)  below. 

The  equilibrium  distance  is  given 
by  Herzberg*  (1950)  as  3.01  a.u.  and 
the  calculated  molecular  screening 
constant  (z)  is  1.96.  This  value  is 
used  in  both  the  hydrogen  and  lith¬ 
ium  wave  functions,  replacing  the 
atomic  screening  constants  of  1.00 
and  6.74  for  hydrogen  and  lithium, 
respectively. 

In  practice,  rather  than  to  apply 
equation  No.  4  directly,  it  is  simpler 
to  determine  the  expectation  values 
of  the  kinetic  energy  (T)  and  the 
potential  energy  (V)  and  to  calcu¬ 
late  of  the  total  energy  by  means  of 

6)  below. 

The  expectation  values  are  evalu¬ 
ated  as  functions  of  p  in  this  method. 

The  various  one-center  integrals 
were  evaluated  as  functions  of  R  by 
direct  integrations.  The  two-center 
coulomb  integrals  were  evaluated  by 
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the  method  of  Rudenberg  et  al. 
(1956)  and  the  two-center  exchange 
integrals  by  the  method  of  Ruden- 
berg  (1951).  The  two-center  inte¬ 
grals  using  hydrogenic  wave  func¬ 
tions  were  found  to  be  linear  com¬ 


binations  of  two-center  integrals  in¬ 
volving  Slater  functions.  In  all 
cases  the  use  of  a  single  screening 
constant  provided  a  simplification  of 
the  integral  formulas. 

The  evaluation  of  the  energy 
eigenvalue  is  to  be  done  by  a  varia¬ 
tional  procedure  involving  only  the 
parameter  R.  A  preliminary  test 
of  this  wave  function  was  made  by 
direct  evaluation  at  the  equilibrium 
distance  of  p  =  5.90  a.u. 

Results 

The  values  of  the  one-center  inte¬ 
grals  using  hydrogenic  wave  func¬ 
tions  agreed,  to  less  than  10%,  with 
those  using  Slater  functions.  The 
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two-center  coulomb  integrals  differed 
a  factor  of  two.  The  actual  nu¬ 
merical  value  of  the  hydrogenic 
coulomb  integral  is  0.07  and  the 
small  absolute  value  was  responsible 
for  the  large  percentage  difference. 
The  two  methods  of  calculation 
failed  to  give  agreement  in  the  value 
of  the  exchange  integral.  This  inte¬ 
gral  has  the  value  of  — 0.03  when 
the  Slater  functions  were  used  and 
— 0.41  for  the  hydrogenic  wave  func¬ 
tions.  All  values  of  Slater  function 
integrals  were  checked  by  interpola¬ 
tion  or  extrapolation  in  the  tables 
of  Kotani  et  al.  (1938,  1940)  and 
were  found  to  agree  with  the  present 
calculation. 

The  binding  energy  of  LiH  using 
Slater  functions  was  found  to  be 
7.99  e.v.  and  — 3.55  e.v.  with  the 
hydrogenic  function.  The  observed 
value,  as  given  by  Herzberg  (1950), 
is  — 2.59  e.v.  The  present  results 
should  be  compared  to  the  value  of 
— 1.30  e.v.  obtained  by  Yasumori 
(1952)  using  atomic  screening  con¬ 
stants. 

A  good  test  of  a  trial  wave  func¬ 
tion  is  that  the  expectation  values 
of  the  kinetic  and  potential  energies 
satisfy  the  virial  theorem : 


This  criterion  was  applied  to  the 
present  wave  functions.  A  ratio  of 
— 1.1  was  obtained  with  Slater  func¬ 
tions  and  — 1.3  with  hydrogenic 
functions. 

Discussion 

The  binding  energies  found  in  this 
approximation  are  of  the  correct 


order  of  magnitude.  These  numbers 
represent  the  difference  between  two 
large  numbers,  and  a  slight  error  in 
the  total  energy  of  LiH  causes  a 
large  error  in  the  binding  energy. 
The  total  energy,  using  Slater  func¬ 
tions,  is  46%  of  the  observed  total 
energy.  This  is  remarkable  if  one 
considers  that  no  account  has  been 
made  of  the  ionic  nature  of  LiH,  of 
the  hybridization  of  the  2s  Li  elec¬ 
tron,  and  of  the  inner  shell  electrons. 

There  appears  to  be  a  numerical 
error  in  the  exchange  integral  using 
hydrogenic  functions.  Not  only  is 
the  value  far  different  from  that  ob¬ 
tained  with  Slater  functions,  but  the 
binding  energy  is  more  negative  than 
the  observed  value.  A  theorem  of 
the  variation  method  states  that  the 
true  energy  must  be  approached 
from  above. 

The  present  calculations  show  that, 
if  ionic  terms,  hybridization,  etc.  are 
to  be  included,  the  amount  of  work 
required  can  be  greatly  reduced  by 
using  a  wave  function  with  a  single 
molecular  screening  constant.  The 
exact  degree  of  usefulness  will  de¬ 
pend  on  the  rapidity  of  convergence 
to  the  observed  value.  A  variational 
procedure,  with  respect  to  the  inter- 
nuclear  distance,  must  be  made  to 
determine  the  usefulness  of  the  trial 
function  in  the  simplest  approxima¬ 
tion  as  described  in  this  paper.  Work 
is  now  in  progress  on  these  aspects 
of  the  calculation. 

In  order  to  make  a  complete  test 
of  the  molecular  screening  constant, 
similar  calculations  are  being  per¬ 
formed  on  Li2.  This  molecule  is  non¬ 
polar  in  the  ground  state,  and  the 
results  of  the  simplest  approximation 
are  expected  to  be  closer  to  the  ob¬ 
served  value  than  in  the  case  of  LiH. 
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Summary 

A  new  trial  wave  function  was 
used  to  calculate  the  binding  energy 
of  LiH.  The  binding  energy  of  LiH, 
considering  the  valence  electrons 
only  at  the  observed  equilibrium  dis¬ 
tance,  was  evaluated  in  the  Heitler- 
London  approximation.  The  new 
function  used  a  single  molecular 
screening  constant  and  the  resulting 
calculations  were  much  simpler  than 
with  conventional  approximate  wave 
functions.  The  calculation  was  per¬ 
formed  using  both  Slater  atomic 
wave  functions  and  hydro  genic 
atomic  wave  functions.  The  former 
gave  a  value  of  the  binding  energy 
of  7.99  e.v.  and  the  latter  of  — 3.55 
e.v. 
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ACTIVITIES  OF  THE  JUNIOR  ACADEMY  OF  SCIENCE 


A  Summer  Biology  Program,  by 
Elnore  Stoldt,  Jacksonville  High 
School,  Jacksonville,  Illinois. 

As  a  result  of  a  request  from  our 
students,  an  advanced  biology  course 
was  offered  in  the  summer  of  1958. 
It  met  three  days  a  week  for  two 
hours  of  lectures  and  discussion ; 
one  day  each  week  was  spent  on  an 
eight-hour  field  trip.  No  academic 
credit  was  given.  Twenty  students 
registered. 

The  central  theme  of  the  course 
was  growth  and  development  of 
plants  and  animals.  Students  ex¬ 
perimented  with  growth-promoting 
substances  in  the  laboratory,  and 
the  analysis  of  plant  growth  regula¬ 
tors  was  completed  in  the  classroom. 
Dr.  Robert  A.  Evers  conducted  the 
field  study  of  hills,  sand  prairies, 
and  various  other  habitats  near 
Meredosia. 

The  St.  Louis  zoo  was  visited,  and 
the  survival  of  plants  and  animals 
was  studied  at  Marquette  State  Park. 
To  indicate  distribution  in  different 
habitats  many  of  the  lower  plants 
and  animals  were  collected. 

Human  biology  was  investigated 
by  having  the  students  study  their 
own  traits  such  as  growth,  behavior, 
tongue  curling,  and  tasting.  Serum 
production  for  veterinary  use  was 
observed  in  the  Cofiliated  Labora¬ 
tories  at  White  Hall.  The  bacterio¬ 
logical  laboratory  at  Jacksonville 
State  Hospital  served  for  one  field 
study  of  medical  biology.  Anthro¬ 
pological  procedures  were  observed 
at  Dickson  Mounds  State  Park. 

The  State  Museum  at  Springfield 
was  used  to  study  methods  of  dis¬ 


play  and  to  indicate  the  values  of 
such  institutions  to  the  public. 

Of  special  interest  in  this  course 
was  the  discussion  of  the  need  for 
critical  reading  and  analysis  of 
news  items  and  other  printed  mate¬ 
rials. 

On-the-job  Research,  by  Robert  L. 
Walker,  Lyons  Township  High 
School  and  J  u  nior  College,  La 
Grange,  Illinois. 

The  primary  purpose  of  such  re¬ 
search  is  to  give  talented  students 
an  opportunity  to  observe  the  meth¬ 
ods  of  science.  The  value  each  re¬ 
ceives  is  directly  proportional  to  his 
or  her  contribution  to  the  investiga¬ 
tion. 

In  November,  1957,  our  school  re¬ 
ceived  one  of  four  pilot  grants  for 
on-the-job  research  from  the  Future 
Scientists  of  America  Foundation  of 
the  National  Science  Teachers  As¬ 
sociation.  Seven  capable  students, 
four  seniors  and  three  juniors,  were 
selected  to  work  with  me  on  the  con¬ 
trol  of  the  rate  of  water  evapora¬ 
tion  through  use  of  monomolecular 
films.  Although  all  the  students 
were  talented,  the  degree  to  which 
they  could  contribute  to  the  program 
differed  greatly.  We  met  two  hours 
during  Monday  and  Thursday  eve¬ 
nings.  Dr.  John  W.  Ryzner  of  the 
National  Aluminate  Corporation 
served  as  technical  advisor. 

Two  of  the  three  juniors  are  con¬ 
tinuing  the  project.  Students  as 
well  as  staff  are  being  benefited.  Stu¬ 
dents  learn  that  original  ideas  are 
hard  to  develop,  that  research  is 
work,  and  that  there  is  satisfaction 
in  investigating  such  things.  The 
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high -school  teacher  is  aided  in  his 
efforts  to  keep  abreast  of  the  field, 
to  meet  the  needs  of  his  students, 
and  to  offer  inspiration  to  science 
students. 

Trips  to  Professional  Scientific  Meet¬ 
ings,  by  Robert  Elias,  Canton  Senior 
High  School,  Canton,  Illinois. 

Mr.  Ronkette,  biology  instructor, 
and  science  club  members,  Ronald 


Brons,  Charles  Rogers,  and  Robert 
Elias,  attended  the  Bloomington 
meeting  of  the  American  Institute 
of  Biological  Sciences  on  August  24 
to  28,  1958.  While  in  attendance 
they  camped  at  McCormick’s  Creek 
State  Park.  They  were  especially 
attracted  to  the  A.I.B.S.  exhibits 
and  the  refresher  courses  in  proto¬ 
zoology  and  teaching  methods. 


Editorial  Notes 


The  editor  wishes  to  thank  the 
members  of  the  Editorial  Board  and 
other  readers  who  have  helped  in 
evaluating  manuscripts. 

It  is  hoped  that  the  Transactions 
in  1960  will  appear  as  a  regular 
quarterly,  with  four,  separate,  full¬ 


sized  issues.  Lack  of  funds  this  year 
has  made  it  necessary  to  reduce 
greatly  the  amount  of  material  pub¬ 
lished.  If  the  proposed  increase  in 
financial  assistance  materializes,  the 
Transactions  will  contain  approxi¬ 
mately  400  pages  each  year. 


ACADEMY  BUSINESS 


SECRETARY’S  REPORT  OF  THE  BUSINESS  OF  THE 
ILLINOIS  STATE  ACADEMY  OF  SCIENCE  FOR 
THE  YEAR  MAY  4,  1957  TO  MAY  10,  1958 

Compiled  by 

ROBERT  A.  EVERS,  Secretary 


The  51st  annual  meetings  of  the  Illi¬ 
nois  State  Academy  of  Science  were  held 
at  Urbana,  Illinois,  on  May  9  and  10, 
1958,  with  the  University  of  Illinois  as 
host.  The  program  of  the  10  sections  in¬ 
cluded  107  papers,  and  the  total  attend¬ 
ance  at  the  section  meetings  was  more 
than  600. 

The  general  session  of  Friday  morning, 
May  9,  held  in  the  Auditorium,  opened 
with  a  Welcome  by  Dr.  David  D.  Henry, 
President  of  the  University  of  Illinois. 
The  welcome  was  followed  by  the  Presi¬ 
dential  Address  of  Dr.  Wayne  W.  Want- 
land,  entitled  “Present  Status  of  Man  as 
Host  to  Animal  Parasites.” 

At  10:45,  Walter  Warwick  Sawyer, 
Visiting  Associate  Professor  of  Mathe¬ 
matics,  University  of  Illinois,  presented 
a  very  interesting  lecture-demonstration 
entitled  “Enlivening  Mathematics  and 
Science  Teaching.” 

The  Junior  Academy  again  showed 
continued  growth.  There  were  976  ex¬ 
hibits  in  the  University  Armory,  judged 
by  approximately  400  judges.  Of  the  976 
exhibits,  93  were  considered  outstand¬ 
ing.  More  than  1,200  persons  attended 
the  Junior  Academy  banquet  which  was 
held  in  the  Illini  Union,  University  of 
Illinois.  This  was  the  largest  banquet 
ever  served  at  the  Illini  Union.  Senior 
Academy  members  set  aside  the  11:30 
a.m.  time  on  the  Friday  program  for 
visiting  the  Junior  Academy  exhibits. 

The  annual  banquet  of  the  Senior 
Academy  was  held  in  the  Allen  Resi¬ 
dence  Hall  of  the  University  of  Illinois. 
Following  the  custom  of  the  past  several 
years  at  the  annual  banquet,  the  past 
presidents  were  asked  to  rise.  Among 
those  responding  were  Miss  Joan  Hun¬ 
ter,  Dr.  H.  R.  Wanless,  Dr.  James  Neck- 
ers,  Dr.  George  W.  Ekblaw,  Dr.  W.  W. 
Grimm,  and  Dr.  George  D.  Fuller. 

The  evening  meeting  was  held  in  the 
Auditorium  of  the  University  of  Illinois. 


The  program  was  opened  by  Dr.  G.  R. 
Yolie,  Chairman  of  the  Science  Talent 
Search  Committee,  with  the  presenta¬ 
tion  of  the  winners  of  the  Annual 
Science  Talent  Search.  Dr.  Yohe  re¬ 
ported  that  152  higli-school  science 
teachers  requested  1,138  examination 
papers  for  students  to  use  in  the  17th 
Annual  Westinghouse  Science  Talent 
Search.  Of  these,  163  were  completed 
and  submitted  to  the  Science  Clubs  of 
America  for  judging.  Illinois  students 
won  4  of  the  40  Washington  trip  awards 
and  16  of  the  260  National  Honorable 
Mention  citations.  The  Science  Talent 
Search  Committee  selected  15  additional 
State  Honorable  Mention  awards  from 
the  remaining  143  entries. 

Dr.  N.  R.  Brewer,  representing  the 
Illinois  Society  for  Medical  Research, 
presented  the  awards  in  the  essay  con¬ 
test  sponsored  jointly  by  that  society 
and  the  Academy. 

The  annual  public  lecture  was  given 
by  Dr.  Harlow  B.  Mills,  Chief,  Illinois 
Natural  History  Survey.  Dr.  Mill’s  lec¬ 
ture,  “The  First  Hundred  Years”,  dwelt 
upon  the  history  of  the  Illinois  Natural 
History  Survey  which  is  this  year  cele¬ 
brating  its  centennial.  Following  the 
lecture,  members  of  the  Academy  at¬ 
tended  an  open  house  in  the  Natural  Re¬ 
sources  Building  for  an  inspection  of  the 
facilities  of  the  Natural  History  Survey. 

Council  Meetings 

The  Council  held  four  meetings  during 
the  year. 

The  first  was  held  in  the  Student 
Union  Building,  Illinois  State  Normal 
University,  Normal,  Illinois,  on  Satur¬ 
day,  May  4,  1957,  with  Dr.  Wayne  Want- 
land  presiding.  Dr.  Gross  reported  that 
910  exhibits  were  presented  in  McCor¬ 
mick  Gymnasium  and  605  persons  at¬ 
tended  the  Junior  Academy  banquet.  Be¬ 
cause  of  the  increase  in  number  of  ex- 
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Mbits,  the  Council  felt  that  standards  of 
judging  should  be  raised  at  the  district 
level  to  reduce  the  number  of  entries  at 
the  state  level;  the  large  number  of  en¬ 
tries  makes  it  difficult  for  the  Academy 
to  find  a  place  for  its  annual  meetings. 

The  Council  appointed  Dr.  Harvey  I. 
Fisher  as  Technical  Editor  and  James  S. 
Ayars  as  Publicity  Adviser  for  the  next 
year.  The  Council  also  elected  Dr.  G.  E. 
Ekblaw  and  Dr.  John  C.  McGregor  to 
the  Committee  on  Publications. 

The  Council  empowered  the  President 
and  the  Secretary  to  obtain  a  site  for 
the  51st  annual  meeting  in  May,  1958, 
and  to  appoint  a  Second  Vice-President 
after  the  1958  meeting  place  was  desig¬ 
nated. 

Dr.  James  Neckers  submitted  the  pro¬ 
posed  budget  for  1957-1958  which  was 
approved  after  several  modifications. 

Dr.  L.  J.  Thomas  presented  a  proposal 
for  the  writing  of  a  “History  of  Science 
in  Illinois”  for  the  AAAS.  The  Presi¬ 
dent  was  empowered  by  the  Council  to 
accept  an  offer  of  the  Illinois  Historical 
Survey  to  work  on  this  and  to  appoint 
additional  persons  to  give  information. 

By  mail  vote  on  May  29,  1958,  the 
Council  elected  Dr.  W.  A.  Lindbeck, 
Northern  Illinois  University,  the  Junior 
Academy  Chairman-elect. 

The  second  meeting  of  the  Council  was 
held  in  the  Coral  Room  of  the  Hotel 
St.  Nicholas,  Springfield,  Illinois,  on  Sat¬ 
urday,  November  16,  1957,  with  19  per¬ 
sons  attending.  Dr.  Wantland  presided. 

Dr.  H.  B.  Mills  reported  that  the  51st 
annual  meeting  would  be  held  at  the 
University  of  Illinois,  Urbana,  on  May  8, 
9  and  10,  1958.  He  also  reported  that 
the  President  of  the  Academy  had  ap¬ 
pointed  Dr.  Paul  Silva  as  Second  Vice- 
President  in  charge  of  local  arrange¬ 
ments. 

Dr.  Thorne  Deuel  discussed  printing 
costs  of  the  Transactions  and  the  neces¬ 
sity  to  reduce  the  number  of  pages  to 
keep  Volume  50  within  the  allotted  budg¬ 
et.  The  Council  asked  Dr.  Deuel  to  as¬ 
certain  if  there  are  any  ways  by  which 
the  Academy  could  add  funds  to  assist 
in  the  publication  of  the  Transactions. 

The  Secretary  read  a  letter  from  Dr. 
H.  J.  Puller  in  which  he  asked  to  be  re¬ 
lieved  of  duties  as  Collegiate  Section  Co¬ 
ordinator  because  of  ill  health.  The 
Council  accepted  this  resignation  with 
regrets  and  elected  Dr.  Norman  D. 
Levine,  University  of  Illinois,  to  fill  this 
vacancy. 

Miss  Elnore  Stoldt,  reporting  for  the 
Junior  Academy  Advisory  and  Scholar¬ 


ship  Committee,  presented  a  proposal  for 
the  establishment  of  a  permanent  central 
meeting  place  for  the  exhibits  of  the 
state  meetings  of  the  Junior  Academy 
so  that  the  state  meetings  could  be  held 
at  the  same  place  each  year.  Dr.  Mills 
suggested  that  these  proposals  be  put 
into  writing  and  circularized  in  the 
Council  so  that  the  Council  could  think 
about  them  and  act  later. 

Dr.  Percival  Robertson  made  a  report 
for  the  State  Museum  Building  Commit¬ 
tee.  The  Council  approved  the  proposal 
that  the  committee  be  permitted  to  cir¬ 
cularize  any  or  all  members  of  the 
Academy  to  enlist  their  support  in  the 
endeavor  to  get  a  new  building  for  the 
Museum. 

Dr.  R.  L.  Carmin,  Co-chairman  of  the 
Membership  Committee,  asked  to  be  re¬ 
lieved  of  this  duty  as  he  planned  to  be 
out-of-the-state  for  more  than  six 
months.  The  Council  granted  this  re¬ 
quest  and  appointed  Mr.  John  Harrison, 
State  Geological  Survey,  as  Co-chairman. 

Dr.  Harlow  B.  Mills  then  reported  up¬ 
on  the  establishment  of  the  Frank  H. 
Reed  Memorial  Fund  which  was  set  up 
by  the  Council  on  October  27,  1957,  by 
a  mail  vote.  The  Council  voted  the  es¬ 
tablishment  of  a  Frank  H.  Reed  Me¬ 
morial  Award  to  be  presented  to  an  out¬ 
standing  Illinois  high-school  student  ac¬ 
cording  to  conditions  determined  by  the 
Junior  Academy  Executive  Group. 

The  Council  appointed  Dr.  W.  B. 
Welch  as  delegate  to  the  A.A.A.S  and 
Miss  Elnore  Stoldt  delegate  to  the 
Academy  Conference. 

Dr.  George  Ekblaw  called  to  the  Coun¬ 
cil’s  attention  the  fact  that  1958  is  the 
Centennial  of  the  Illinois  Natural  His¬ 
tory  Survey  as  a  scientific  organization 
in  the  State  of  Illinois.  He  suggested 
that  the  Academy  should  recognize  this 
anniversary  and  that  the  evening  public 
lecture  be  presented  by  Dr.  Mills,  Chief 
of  the  Survey.  The  Council  approved 
this  suggestion. 

The  third  meeting  of  the  Council  was 
held  in  the  Faculty  Lounge,  Illini  Union, 
University  of  Illinois,  Urbana,  Illinois, 
on  Saturday,  February  15,  1958,  with  17 
persons  in  attendance  and  Dr.  Wantland 
presiding. 

Dr.  Chalmer  Gross  introduced  Dr. 
Lawrence  C.  Bliss,  Department  of  Bota¬ 
ny,  University  of  Illinois,  who  had  con¬ 
sented  to  serve  as  Exhibits  Chairman  of 
the  Junior  Academy  for  1958.  Dr.  Gross 
informed  the  Council  that  the  program 
of  the  Junior  Academy  was  complete  for 
the  1958  meeting. 
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Dr.  Paul  Silva  reported  on  the  organi¬ 
zation  for  the  51st  Annual  Meeting  and 
the  arrangements  made  for  the  Senior 
and  the  Junior  Academy. 

Dr.  Harvey  I.  Fisher  outlined  the  work 
that  has  been  done  on  the  current  Trans¬ 
actions  and  told  the  Council  that  it  was 
necessary  either  to  reduce  the  number 
of  pages  to  be  published  or  to  obtain 
more  funds.  To  facilitate  the  publica¬ 
tion  of  Volume  50  of  the  Transactions , 
the  Council  approved  a  motion  made  by 
Dr.  Mills,  seconded  by  Dr.  Levine,  that 
the  budget  be  so  revised  that,  out  of 
surplus  funds  of  the  Academy,  an 
amount  be  allotted  beyond  the  $1,000.00 
previously  allotted  which  would  allow 
for  the  publication  of  all  manuscripts 
that  had  been  accepted  and  edited,  the 
amount  being  approximately  $600.00. 

Miss  Stoldt  opened  for  discussion  and 
Council  action  the  problem  of  a  per¬ 
manent  meeting  site  for  the  Annual 
Meetings  of  the  Junior  Academy.  She 
received  proposals  from  Springfield  and 
from  the  University  of  Illinois.  The 
Secretary  was  asked  to  read  the  invita¬ 
tion  from  Dr.  David  D.  Henry,  President 
of  the  University  of  Illinois  and  the  ac¬ 
companying  letter  from  Dr.  Royden 
Dangerfield  in  which  the  facilities  of 
the  University  were  outlined. 

To  get  this  on  the  floor  for  discussion, 
Dr.  Mills  moved  that  the  Illinois  State 
Academy  of  Science  accept  the  invita¬ 
tion  of  President  Henry  to  have  the 
Junior  Academy  meet  regularly  on  the 
University  of  Illinois  campus,  Urbana, 
in  the  spring  of  the  year.  Mr.  Bamber 
seconded  the  motion.  In  the  discussion 
it  was  brought  out  that  the  University 
had  made  definite  proposals  and  the 
Academy  knew  what  obligations  they 
and  the  University  had  in  this  matter. 
After  further  discussion  the  motion  car¬ 
ried  unanimously. 

Dr.  Wayne  Wantland  appointed  Dr. 
Gross,  Dr.  Thomas,  and  Dr.  Silva  to  act 
as  liaison  between  the  Academy  and  the 
University. 

Dr.  Walter  Welch  who  served  as  dele¬ 
gate  to  the  A.A.A.S.  gave  an  interesting 
report  on  the  A.A.A.S.  meetings  in  In¬ 
dianapolis.  Miss  Stoldt  reported  on  the 
meeting  of  the  Academy  Conference. 

Dr.  Norman  Levine  made  the  motion, 
seconded  by  Mr.  Bamber,  that  the  Presi¬ 
dent  appoint  and  instruct  a  planning 
committee  to  look  into  the  activities  and 
plans  of  the  Senior  Academy  and  Col¬ 
legiate  Section  with  the  idea  of  the  bet¬ 
terment  of  the  Academy.  The  motion 
carried. 


The  fourth  meeting  of  the  Council  was 
held  Thursday,  May  8,  1958,  at  the  Town 
and  Country  Steak  House,  Urbana,  Illi¬ 
nois,  with  30  attending  the  meeting  at 
which  Dr.  Wantland  presided.  Dr.  Silva 
reported  on  the  local  arrangements  for 
the  51st  Annual  Meeting.  The  officers, 
committee  chairmen  and  section  chair¬ 
men  gave  reports  that  are  included  in 
the  report  of  the  Annual  Business  Meet¬ 
ing  which  follows. 

Annual  Business  Meeting 

The  business  meeting  of  the  51st  an¬ 
nual  meetings  of  the  Illinois  State 
Academy  of  Science  was  held  May  9, 
1958,  in  the  Auditorium,  University  of 
Illinois,  Urbana,  Illinois,  at  5:00  p.m., 
C.D.T,  with  President  Wayne  Wantland 
presiding. 

The  report  of  the  Secretary,  which  fol¬ 
lows,  was  seconded  by  Mr.  Bamber  and 
accepted. 

The  minutes  of  the  50th  Annual  Meet¬ 
ing,  held  in  Capen  Auditorium,  Illinois 
State  Normal  University,  Normal,  Illi¬ 
nois,  were  published  in  Volume  50  of 
the  Transactions.  Mimeographed  copies 
have  been  prepared  and  distributed  in 
this  meeting.  The  minutes  include  the 
actions  of  the  Council  and  the  reports 
of  the  standing  and  special  committees. 

Activities  of  the  Academy  have  been 
summarized  in  the  President’s  Annual 
Letter  which,  with  the  program  of  the 
51st  Annual  Meeting  was  mailed  to  each 
member  on  the  Secretary’s  mailing  list 
as  of  April  1,  1958. 

Mr.  President,  I  move  the  acceptance 
of  the  report  of  the  50th  Annual  Meeting 
as  mimeographed  and  also  the  summary 
of  the  year’s  activities  as  indicated  in 
the  President’s  Annual  Letter. 

Dr.  Walter  Welch  presented  the  Treas¬ 
urer’s  Report  which  follows.  He  moved 
the  acceptance  of  the  report,  Dr.  Levine 
seconded  and  the  motion  carried. 

Dr.  Clialmer  Gross,  Chairman  of  the 
Junior  Academy,  filed  his  report  pre¬ 
viously  with  the  Secretary.  Of  special 
interest  in  this  report  was  the  increase 
in  registered  science  clubs  in  the  past 
year,  an  increase  from  184  to  231. 

Dr.  Harvey  I.  Fisher,  Technical  Edi¬ 
tor,  reported  on  the  present  status  of 
Volume  50  of  the  Transactions.  Mr. 
James  S.  Ayars,  Publicity  Adviser,  re¬ 
ported  on  the  press  coverage  of  Academy 
activities  in  the  past  year. 

Reports  of  Standing  Committees 

Conservation. — Dr.  Willard  Klimstra 
presented  the  report  for  the  committee; 
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TREASURER’S  REPORT,  1957-58 

BALANCE,  May  1,  1957 . .  . . 


RECEIPTS 

Dues 

Annual 

Regular  . . $  2,940.50 

Sustaining  .  1,015.00 

Life  . 50.00 

Registration  at  Normal.. .  139.50 

Refunds  .  42.50 

Interest 

U.  S.  bonds .  72.60 

Savings  . 140.00 

Research  grants  .  365.50 

Void  checks  . 475.00 

Frank  H.  Reed  Memorial  Fund . 400.00 


6,920.81 


National  Science  Foundation 

Undergraduate  Research  Conference 


$  5,640.60  $  12,561.41 

$  4,082.19 


TOTAL,  balance  and  receipts 


$  16,643.60 


EXPENDITURES 

Council . '. . $  243.11 

Secretary’s  office  . .  823.46 

Treasurer’s  office  .  409.58 

Editor’s  office . 137.27 

Miscellaneous . 24.40 

Research  grants  .  485.00 

Membership  committee  . .  290.89 

Honoraria  .  350.00 

Junior  Academy 

General  . 2,329.32 

Science  talent  search.  . . . 365.61 

Frank  H.  Reed  Memorial  Fund . 400.00 

Collegiate  section  .  10.61 

National  Science  Foundation 

Undergraduate  Research  Conference.  . .  531.43 


TOTAL  expenditures  .  $ 

CASH  ON  HAND,  April  30,  1958 . . . $  6,160.73 

Outstanding  checks  .  202.16 


6,400.68 


TOTAL,  Carbondale  National  Bank,  April  30,  195S.  . .  $  6,362.89 

BALANCE,  National  Science  Foundation .  $  3,550.76 


RESERVE  FUND 

State  Savings  and  Loan  Association,  East  St.  Louis, 


Illinois . . $  4,000.00 

U.  S.  bonds . .  1,800.00 


PERMANENT  FUND 
Life  memberships  in 

U.  S.  bonds . . . $  1,200.00 

Cash  in  Carbondale  National  Bank .  500.00 


FRANK  H.  REED  MEMORIAL  FUND . $  400.00 

Interest  on  shares,  East  St.  Louis.. .  1.17 


$  5,800.00 

$  1,700.00 

$  401.17 


Total  funds 


$  7,901.17 
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much  of  this  report  appears  with  the 
resolutions  enumerated  below. 

Budget. — Dr.  James  Neckers  stated 
that  the  Committee  had  prepared  a  bud¬ 
get  for  1958-1959  and  would  present  this 
at  the  first  meeting  of  the  Council  on 
Saturday,  May  10. 

Membership. — Mr.  Gideon  Boewe  sum¬ 
marized  the  activities  of  the  Membership 
Committee.  He  then  moved  that  persons 
who  have  applied  for  membership  dur¬ 
ing  the  past  year  and  who  have  met  the 
qualifications  be  elected  to  membership. 
Dr.  Welch  seconded  the  motion  which 
carried. 

Research  Grants. — Dr.  H.  F.  Thut  in¬ 
formed  the  members  that  only  one  re¬ 
quest,  for  $100.00,  had  been  received  by 
this  committee. 

Science  Talent. — Dr.  G.  R.  Yolie  gave 
the  report  and  this  has  been  summarized 
above. 

State  Museum  Building. — Dr.  Percival 
Robertson  filed  his  report  earlier  with 
the  Secretary.  This  report  included 
copies  of  a  letter  and  informative  ma¬ 
terial  which  that  commmittee  had  sent 
out  to  all  members  of  the  Academy. 

Reports  of  Special  Committees 

Auditing. — The  report  of  the  Auditing 
Committee  was  read  by  the  Secretary 
who  moved  acceptance  of  the  report 
which  follows.  Mr.  Barnber  seconded 
the  motion  which  carried. 

To  whom  it  may  concern: 

This  is  to  certify  that  the  Auditing 
Committee  has  examined  the  financial 
accounts  of  the  Treasurer  of  the  Illinois 
State  Academy  of  Science  and  has  found 
them  to  be  correct  and  to  check  with  the 
statement  of  balance  by  the  Carbondale 
National  Bank.  This  audit  was  made  as 
of  May  5,  1958. 

(Signed)  Clyde  M.  Brown 

Willard  D.  Klimstra 
Charles  L.  Foote,  Chairman 
Auditing  Committee 

Resolutions. — Dr.  Paul  Shaffer  pre¬ 
sented  the  report  of  the  committee  and 
the  following  ten  resolutions  were 
adopted  by  the  Academy. 

1.  Appreciation  to  Host.  Whereas  many 
persons  in  the  Champaign-Urbana 
area  have  been  of  great  service  to 
the  Illinois  State  Academy  of  Science 
for  the  several  ways  in  which  they 
have  made  the  necessary  arrange¬ 
ments  for  the  fifty-first  annual  meet¬ 
ing,  therefore, 

Be  it  resolved  that  the  Academy  ex¬ 


press  its  gratitude  to  all  who  have 
participated  in  any  way  in  arrang¬ 
ing  this  annual  meeting,  particular¬ 
ly,  President  David  D.  Henry,  Pro¬ 
vost  Gordon  N.  Ray,  Dean  Royden 
Dangerfield,  Dean  Joseph  R.  Smiley, 
and  the  heads  of  the  various  science 
departments  of  the  University  of 
Illinois,  who  invited  the  Senior 
Academy  to  hold  its  annual  meeting 
on  the  campus  and  arranged  for  the 
University  to  become  the  permanent 
annual  meeting  place  for  the  Junior 
Academy, 

The  University  Extension  Service 
for  its  help  in  the  Academy  arrange¬ 
ments  and  the  Illini  Union  and  the 
Housing  Division  for  their  outstand¬ 
ing  contributions  toward  feeding 
and  housing  the  more  than  1500 
members  of  the  Junior  Academy 
present, 

The  State  Geological  and  Natural 
History  surveys  for  their  continued 
support  of  the  field  trip  program 
and  their  many  other  aids, 

The  University  Physical  Plant  De¬ 
partment  for  its  aid  in  setting  up 
and  lighting  the  scientific  exhibit 
area  for  the  Junior  Academy  and 
for  their  other  help. 

Be  it  further  resolved  that  the  secre¬ 
tary  be  authorized  to  send  copies  of 
this  resolution  to  those  specifically 
named  and  to  the  chiefs  of  the  sur¬ 
veys,  heads  of  the  science  depart¬ 
ments,  and  to  the  director  of  the 
physical  plant  department. 

2.  Illinois  State  Museum.  Whereas  the 
Illinois  State  Museum  has  compiled 
a  record  of  outstanding  service  in 
the  field  of  scientific  education  dur¬ 
ing  the  past  81  years,  and  lias  served 
an  increasing  number  of  individuals 
each  year  so  that  in  1957  more  than 
1,300,000  were  served,  and 
Whereas  the  potentialities  for  future 
service  in  this  age  when  the  dis¬ 
semination  of  scientific  information 
is  so  vital,  is  limited  by  the  facilities 
available, 

Be  it  resolved  that  the  Illinois  State 
Academy  of  Science,  numbering 
about  1200  scientists  located  mainly 
in  Illinois,  respectfully  requests,  the 
Governor  and  the  Budgetary  Com¬ 
mission  of  the  Illinois  Legislature 
to  consider  the  needs  for  adequate 
space  for  the  museum  and  its  very 
capable  staff. 

Be  it  f  urther  resolved  that  the  Secre¬ 
tary  of  the  Academy  send  a  copy  of 
this  resolution  to  the  Honorable 
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William  G.  Stratton,  Governor,  and 
the  Chairman  of  the  Budgetary  Com¬ 
mission. 

3.  Illinois  Natural  History  Survey. 
Whereas,  the  Illinois  Natural  His¬ 
tory  Survey  is  celebrating  its  100th 
birthday,  and 

Whereas,  during  this  century,  under 
the  able  guidance  of  its  directors, 
namely  Dr.  Stephen  A.  Forbes,  Dr. 
Theodore  H.  Prison,  Dr.  Leo  R. 
Tehon,  and  Dr.  Harlow  B.  Mills,  the 
Survey  has  been  strongly  active  as 
a  guardian  of  the  natural  resources 
of  Illinois  and  pioneered  in  wise 
utilization  of  these  resources, 

Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  recognize  the 
contributions  of  this  outstanding 
agency  and  its  leaders,  and  that  the 
Secretary  of  the  Academy  be  in¬ 
structed  to  transmit  a  copy  of  this 
resolution  to  Dr.  Harlow  B.  Mills, 
Chief  of  the  Survey 

4.  Toll  Road  Vegetation.  Whereas,  toll 
road  systems  throughout  the  State 
of  Illinois  are  making  extensive 
utilization  of  land  area,  and  result¬ 
ing  right-of-ways  will  require  exten¬ 
sive  development  and  management, 
Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  strongly  en¬ 
courage  the  Illinois  Toll  Road  Com¬ 
mission  to  utilize  native  vegetation 
in  the  development  of  these  right-of- 
ways  to  assist  in  maintaining  <  part 
of  our  natural  biota  which  are  an 
important  aspect  of  the  heritage  and 
culture  of  the  State  of  Illinois. 

Be  it  further  resolved  that  the  Secre¬ 
tary  of  the  Academy  be  instructed 
to  send  a  copy  of  this  resolution  to 
the  Commission  and  that  the  Coun¬ 
cil  be  requested  to  arrange  a  meet¬ 
ing  of  an  appropriate  representative 
of  the  Academy  with  the  Commis¬ 
sion  to  discuss  the  intent  of  this 
resolution. 

5.  Department  of  Conservation.  Where¬ 
as,  the  Illinois  Department  of  Con¬ 
servation  has  progressively  recog¬ 
nized  its  position  as  the  responsible 
administrator  of  policies  which  are 
in  the  best  interest  of  our  natural 
resources  as  evidenced  by:  the  de¬ 
layed  cotton-tail  rabbit  season  so  as 
to  avoid  infection  of  human  beings 
with  tularemia;  the  recognition  of 
the  need  for,  and  successful  opera¬ 
tion  of  the  white-tailed  deer  har¬ 
vest;  elimination  of  field  trials  on 
the  Green  River  Refuge  to  aid  in 
protection  of  the  prairie  chicken; 


instigation  of  a  technical  bulletin 
series  for  publication  of  wildlife  re¬ 
search;  support  for,  and  persever¬ 
ance,  to  obtain  passage  of  a  model 
hawk  and  owl  law;  and  recognition 
of  the  need  for  the  reclassification 
and  salary  readjustment  of  depart¬ 
mental  personnel, 

Be  it  resolved  that  the  Illinois 
Academy  of  Science  strongly  com¬ 
mend  the  Illinois  Department  of 
Conservation  for  these  favorable  ac¬ 
tions  and  request  that  it  further  em¬ 
phasize  preservation  of  prairie 
chicken  in  the  Green  River  Refuge 
by  removing  this  area  from  use  as  a 
public  shooting  area. 

Be  it  further  resolved  that  the  Acad¬ 
emy  encourage  the  Department  of 
Conservation  to  provide  greater  rec¬ 
ognition  of  trained  and  professional 
researchers  through  increased  sala¬ 
ries  and  job  ratings. 

Be  it  further  resolved  that  the  Secre¬ 
tary  of  the  Academy  be  instructed  to 
send  a  copy  of  this  resolution  to  Mr. 
Glen  Palmer,  Director,  Illinois  De¬ 
partment  of  Conservation. 

6.  Insecticides  and  Herbicides.  Where¬ 
as,  problems  are  evident  regarding 
effects  of  almost  unrestricted  use  of 
insecticides  and  herbicides  on  man 
and  his  environment,  and 
Whereas,  these  substances  likewise 
have  a  recognized  usefulness, 

Be  it  resolved  that  individual  mem¬ 
bers  of  the  Illinois  Academy  of 
Science  strongly  encourage  various 
state,  federal,  and  private  agencies 
to  support  and  promote  all  efforts 
to  provide  a  better  understanding 
of  the  total  effects  that  insecticides 
and  herbicides  have  upon  man  and 
his  environment. 

7.  Exotic  Plants  and  Animals.  Where¬ 
as,  the  introduction  of  exotic  plants 
and  animals  has  often  yielded  un¬ 
desirable  results,  and  unless  intro¬ 
ductions  are  carefully  tested  and 
evaluated  the  potential  for  undesir¬ 
able  results  is  ever  present, 

Be  it  resolved  that  the  Illinois  Acad¬ 
emy  of  Science  request  the  Illinois 
Departments  of  Conservation  and 
Agriculture  to  exercise  fully  their 
respective  powers  to  control  intro¬ 
duction  of  all  exotics  into  the  State 
of  Illinois. 

Be  it  further  resolved  that  the  Coun¬ 
cil  of  the  Academy  be  instructed  to 
carry  out  to  the  extent  of  its  powers 
the  intent  of  this  resolution. 

8.  Training  in  Conservation.  Whereas, 
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there  continues  to  be  a  great  need 
•  tor  recognition  of  the  importance  of 
natural  resources  not  only  in  Illi¬ 
nois,  but  in  all  the  United  States  and 
the  remainder  of  the  world,  and 
Whereas,  such  an  understanding  is 
best  obtained  through  our  primary 
and  secondary  school  systems,  and 
Whereas,  many  teachers  in  these 
public  schools  are  trained  at  various 
colleges  and  universities  of  Illinois, 
and 

Whereas,  as  a  result  of  the  new 
scientific  age  greater  emphasis  may 
be  put  on  physical  sciences  with 
little  recognition  of  the  importance 
of  the  biological  and  even  less  of 
wise  utilization  of  resources, 

Be  it  resolved  that  the  members  of 
the  Illinois  State  Academy  of  Science 
strongly  encourage,  through  their 
representation  in  the  Illinois  As¬ 
sembly,  the  establishment  of  a  re¬ 
quirement  similar  to  that  of  Wis¬ 
consin  for  conservation  training  in 
the  requirements  for  qualification 
as  a  primary  or  secondary  school 
teacher. 

9.  Non-Resident  Collecting.  Whereas, 
the  Fish,  Game  and  Forestry  Codes 
of  the  State  of  Illinois  provide  pro¬ 
tection  for  only  a  limited  portion  of 
our  fauna,  and 

Whereas,  a  number  of  species  are 
rare  and  are  endangered  by  promis¬ 
cuous  collecting, 

Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  request  that  the 
Illinois  Department  of  Conservation 
encourage  passage  of  a  legislative 
measure  that  will  require  all  non¬ 
residents  to  obtain  permission  for 
the  collecting  of  vertebrate  animals 
within  the  boundaries  of  the  State 
of  Illinois  and  that  such  permission 
will  require  a  statement  as  to  the 
group  or  groups  of  vertebrates  to 
be  collected,  sites  for  collecting,  and 
that  a  final  report  of  such  collecting 
be  filed  with  the  Illinois  Depart¬ 
ment  of  Conservation  and  the  Illi¬ 
nois  Natural  History  Survey,  stat¬ 
ing  kind,  number,  and  locality  of  all 
vertebrate  animals  obtained. 

Be  it  further  resolved  that  the  Secre¬ 
tary  of  the  Academy  be  instructed  to 
send  a  copy  of  this  resolution  to  Mr. 
Glen  Palmer,  Director,  Illinois  De¬ 
partment  of  Conservation,  and  that 
the  council  be  requested  to  keep 
check  on  the  progress  of  action  di¬ 
rected  toward  the  completion  of  the 
objectives  of  this  resolution. 


10.  Necrology.  Whereas  during  the  past 
year  the  Academy  lost  by  death,  the 
members  listed  below: 

Chester  Wallace  Bennett,  Jan.  15, 
1958 

Mary  A.  Bennett,  August  12,  1957 

Frank  Walbridge  DeWolf,  Sept.  16, 
1957 

Herbert  E.  Hillebrecht,  May  27, 
1957 

Frederick  Kettner,  March  1957 

Vasili  I.  Komarewsky,  June  21, 
1957 

Ira  E.  Neifert,  March  28,  1958 

Lucille  H.  Snow,  1957 

Claude  U.  Stone,  Nov.  14,  1957 
Be  it  resolved  that  the  Academy  ex¬ 
press  its  grief  over  their  passing  by 
rising  for  a  moment  of  silence. 

(Signed) 

Harold  Kaplan, 

Walter  Scruggs, 

Howard  W.  Gould, 

Paul  R.  Shaffer,  Chairman. 

Dr.  Shaffer  presented  a  late  resolution 
to  the  Secretary.  This  resolution  from 
the  Physics  Section  was  to  be  further 
studied  by  the  Council  and  the  Teacher 
Training  Committee. 

Nominating.  —  This  committee  con¬ 
sisted  of  Dr.  W.  W.  Grimm,  Chairman, 
Mr.  Lyle  Bamber,  Dr.  C.  Leplie  Kanat- 
zar,  Dr.  Hiram  F.  Thut,  Dr.  James  W. 
Neckers,  and  Dr.  Harold  R.  Wanless. 
Dr.  Grimm  first  presented  the  names  of 
the  nominees  for  officers  and  members  of 
the  Council.  Dr.  Wantland  asked  for  fur¬ 
ther  nominations  from  the  floor.  Theie 
being  none,  Dr.  Grimm  moved  the  Presi¬ 
dent  cast  a  unanimous  ballot  for  those 
nominated  and  declare  them  elected. 
Dr.  Shaffer  seconded  the  motion  which 
carried.  Dr.  Grimm  then  read  the  nomi¬ 
nations  for  Committee  lembers  and, 
after  no  further  nominations  were  made 
from  the  floor,  moved  these  be  elected. 
Dr.  Levine  seconded  the  motion  which 
carried.  This  list  of  officers  and  com¬ 
mittee  members  will  be  published  in  the 
Transactions. 

Planning. — Dr.  Levine  outlined  the 
changes  proposed  by  this  committee. 
The  Planning  Committee  made  the  fol¬ 
lowing  recommendations: 

1) .  That  the  Senior  Academy  annual 
meeting  be  held  two  weeks  before  the 
Junior  Academy  meeting,  or,  if  Easter 
falls  on  that  week-end,  that  it  be  held 
three  weeks  before  the  Junior  Academy 
meeting. 

2 )  .  That,  to  the  end  that  membership 
on  the  Academy’s  committees  be  as 
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broad  as  possible,  no  individual  should 
be  a  member  of  more  than  two  standing 
committees,  that  there  be  reasonable  ro¬ 
tation  of  membership  within  committees, 
and  that  the  Secretary  send  out  a  letter 
to  all  members  between  the  first  and 
second  Council  meetings  following  the 
next  annual  meeting,  listing  the  Acade¬ 
my’s  committees  and  asking  the  mem¬ 
bers  to  tell  him  which  committees  they 
would  be  willing  to  serve  and  work  on. 
The  returns  would  then  be  used  to  help 
make  committee  assignments. 

3) .  That  the  Committee  on  Living 
Memorials  be  eliminated  and  that  the 
State  Museum  Building  Committee  be 
removed  from  the  list  of  standing  com¬ 
mittees  as  soon  as  it  has  finished  its  cur¬ 
rent  mission  and  be  made  an  a'd  hoc  com¬ 
mittee  to  be  appointed  by  the  Council  as 
needed. 

4) .  That  a  one-day  Refresher  Course 
be  held  for  high-school,  junior-college 
and  other  teachers  at  the  1959  meeting 
of  the  Academy.  This  course  would 
cover  recent  advances  in  a  field  to  be 
selected  by  the  Council.  The  Friday 
morning  general  lecture  could  be  co¬ 
ordinated  with  it.  The  course  should  be 
advertised  not  only  to  members  of  the 
Academy  but  also  through  higli-school 
principals,  school  boards,  etc. 

5 )  .  That  the  Transactions  of  the 
Academy  be  enlarged  and  issued  quar¬ 
terly,  that  each  issue  be  composed  of  the 
following  three  sections:  (a)  a  Senior 
Academy  section  which  would  include 
papers  from  the  Collegiate  Section  com¬ 
peting  on  an  equal  basis  with  those  of 
the  other  sections;  (b)  a  Junior  Acade¬ 


my  section,  and  (c)  News  and  Notes.  The 
committee  recommends  further  that  the 
Transactions  have  an  Editor  and  a  Board 
of  Editors  composed  of  Associate  Editors 
for  the  Junior  Academy  section,  for 
News  and  Notes,  and  for  the  technical 
sections  as  needed.  It  recommends  fur¬ 
ther  that  papers  be  accepted  for  publica¬ 
tion  in  the  Transactions  through  the 
year  rather  than  only  at  the  time  of  the 
annual  meeting. 

6) .  That  the  Academy  request  the 
State  Museum  to  request  the  General 
Assembly  to  appropriate  approximately 
$10,000  a  year  to  it  for  publication  of  the 
Transactions. 

7) .  That,  in  order  to  implement  the 
above  recommendations,  the  following 
changes  in  the  Academy’s  By-Laws  be 
adopted  at  the  1958  meeting  of  the 
Academy:  (The  amended  By-Laws  are 
published  below). 

Planning  Commitee 

Robert  A.  Evers,  ex  officio, 
Harvey  I.  Fisher, 

John  C.  Frye, 

Wilbur  W.  Grimm, 

Francis  J.  Kruidenier, 

Charles  D.  Proctor, 

Paul  C.  Silva, 

Lyell  J.  Thomas, 

Norman  D.  Levine,  Chairman. 

Dr.  Levine  moved  the  acceptance  of 
their  recommendations  and  changes  in 
the  By-Laws.  Dr.  Ekblaw  seconded  the 
motion  which  carried. 

Upon  a  motion  by  Dr.  Welch,  seconded 
by  Dr.  Grimm  the  meeting  adjourned  at 
5:55  p.m.,  C.D.T. 


BY-LAWS  OF  THE 

ILLINOIS  STATE  ACADEMY  OF  SCIENCE 

(As  revised  in  the  51st  Annual  Meeting,  May  9,  1958 ) 


I.  Order  of  Business 

1.  The  business  meetings  of  the 
Academy  and  the  meetings  of  the  Coun¬ 
cil  shall  be  conducted  in  accordance  with 
Robert’s  Rules  of  Order. 

2.  Fifteen  members  shall  constitute  a 
quorum  of  the  Academy  and  six  coun¬ 
cillors  shall  constitute  a  quorum  of  the 
Council. 

II.  Committees  and  Delegates 

1.  The  standing  committees  of  the 
Academy  shall  be  Affiliations,  Animal 
Experimentation  in  Research,  Budget, 
Conservation,  Archaeological  and  His¬ 
torical  Sites,  Junior  Academy  Advisory 
and  Scholarship,  Legislation  and  Fi¬ 
nance,  Local  Conventions,  Membership, 
Research  Grants,  Science  Talent,  Sus¬ 
taining  Memberships,  State  Museum 
Building,  and  Teacher  Training.  Any 
of  these  committees  may  be  abolished 
and  additional  ones  may  be  established 
upon  recommendation  of  the  Council  at 
any  annual  meeting  of  the  Academy. 

2.  The  chairmen  and  members  of  the 
standing  committees  shall  be  elected  by 
the  members  of  the  Academy  at  its  an¬ 
nual  meeting.  Interim  vacancies  on  the 
committees  shall  be  filled  by  the  Council, 
who  shall  have  authority  also  to  elect 
additional  members. 

3.  The  Local  Conventions  Committee 
shall  consist  of  the  last  three  available 
Second  Vice-Presidents,  the  Secretary  of 
the  Academy  ex-officio,  and  a  representa¬ 
tive  of  the  Junior  Academy. 

4.  There  shall  also  be  committees  on 
Audit,  Nominations,  and  Resolutions  of 
which  the  members  shall  be  appointed 
by  the  President  not  later  than  the 
February  Council  meeting. 

5.  The  duties  of  the  committees  shall 
he  as  defined  by  the  Council,  except  as 
hereafter  provided. 

6.  The  Budget  Committee  shall  sub¬ 
mit  at  the  last  Council  meeting  for  its 
consideration  and  for  review  at  the  an¬ 
nual  meeting  of  the  Academy  a  budget 
of  anticipated  income  and  recommended 
expenditures  for  the  following  year.  The 
budget  shall  be  approved  by  the  succeed¬ 
ing  Council  at  its  first  meeting. 

7.  The  Junior  Academy  Advisory  and 
Scholarship  Committee  shall  supervise 
the  management  of  the  affairs  of  the 
Junior  Academy  in  accordance  with  poli¬ 


cies  and  principles  determined  by  the 
Council. 

8.  The  Local  Conventions  Committee 
shall  prepare  and  maintain  up-to-date  a 
“hand  book”  for  the  guidance  of  Second 
Vice-Presidents  in  discharging  their 
duties  as  Chairmen  of  Local  Arrange¬ 
ments  and  shall  further  advise  such 
officers  when  requested. 

9.  The  membership  of  the  Audit. 
Nominations,  and  Resolutions  commit¬ 
tees  shall  be  announced  to  the  members 
of  the  Academy  by  the  President  or  the 
Secretary  not  less  than  30  days  prior  to 
the  annual  meeting. 

10.  The  Nominations  Committee  shall 
present  at  the  annual  business  meeting 
of  the  Academy  a  list  of  candidates  for 
all  offices  and  committees  which  shall 
be  filled  by  election  by  members  of  the 
Academy. 

11.  The  Resolutions  Committee  shall 
present  at  the  annual  business  meeting 
of  the  Academy  all  resolutions  for  con¬ 
sideration  by  the  members  of  the  Acade¬ 
my,  with  recommendations  for  or  against 
approval.  Members  of  the  Academy  who 
wish  to  sponsor  resolutions  shall  submit 
them  to  the  Resolutions  Committee  for 
consideration  not  less  than  24  hours  and 
preferably  longer  before  the  annual 
meeting.  No  resolution  not  submitted 
to  the  Committee  may  be  presented  at 
the  meeting  of  the  Academy.  The  Com¬ 
mittee  shall  draft  any  appropriate  reso¬ 
lutions  as  directed  by  the  officers  of  the 
Academy  or  Council,  may  redraft  any 
resolution  submitted  by  any  member  or 
members  to  place  it  in  more  acceptable 
form,  and  may  draft  resolutions  to  in¬ 
corporate  suggestions  offered  by  mem¬ 
bers  of  the  Academy. 

12.  One  or  more  delegates  to  the 
American  Association  for  the  Advance¬ 
ment  of  Science  or  to  any  other  organiza¬ 
tion  with  which  the  Academy  is  affili¬ 
ated,  when  such  delegates  are  required, 
shall  be  elected  each  year  by  the  Coun¬ 
cil. 

III.  Technical  Sections 

1.  Technical  papers  presented  at  the 
annual  meeting  of  the  Academy  will  be 
distributed  among  Sections  representing 
various  fields  of  science  as  follows: 
Aquatic  Biology;  Archeology  and  An- 
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thropology;  Botany;  Chemistry;  Geog¬ 
raphy;  Geology;  Physics;  Science  Edu¬ 
cation,  Psychology,  and  Social  Science; 
Zoology;  and  Collegiate. 

2.  Any  of  these  sections  may  be  abol¬ 
ished,  divided,  or  combined  by  the  Coun¬ 
cil  as  seems  desirable,  and  other  sections 
may  be  established  by  the  Council  upon 
request  of  ten  active  members. 

3.  Members  of  the  Academy  shall  in¬ 
dicate  in  which  section  or  sections  they 
are  particularly  interested. 

4.  The  members  present  at  any  sec¬ 
tion  meeting  during  the  annual  meeting 
of  the  Academy  shall  constitute  a  quo¬ 
rum  of  the  section.  They  shall  elect  a 
chairman  for  the  ensuing  year,  who  shall 
be  responsible  for  assembling  a  program 
for  the  section  for  the  next  meeting.  In 
the  event  that  an  elected  chairman  can 
not  serve,  a  substitute  shall  be  elected  by 
the  Council. 

5.  The  Coordinator  of  the  Collegiate 
Section  shall  cooperate  with  its  elected 
officers  in  conducting  its  affairs,  subject 
to  the  advice  and  approval  of  the  Coun¬ 
cil. 

6.  No  paper  shall  be  entitled  to  a 
place  on  the  Section  programs  unless  the 
manuscript  or  an  abstract  of  the  same 
shall  have  been  previously  delivered  to 
the  Secretary  in  accordance  with  in¬ 
structions.  No  paper  shall  be  presented 
at  any  Section  meeting  by  any  person 
other  than  the  author,  except  with  ap¬ 
proval  of  a  majority  of  the  members 
present  at  such  meeting.  No  paper  shall 
be  accepted  for  publication  unless  the 
author  or  a  co-author  is  a  member  of  the 
Academy  or  an  approved  applicant  for 


membership  or  unless  it  has  been  pre¬ 
sented  at  the  invitation  of  or  with  the 
approval  of  the  Council,  nor  shall  any 
paper  published  wholly  or  in  large  part 
elsewhere  be  acceptable  for  publication. 

IV.  Publications 

1.  The  publications  of  the  Academy 
shall  be  under  the  supervision  of  a  Com¬ 
mittee  on  Publications,  which  shall  con¬ 
sist  of  an  Editor  and  a  Board  of  Editors. 

2.  The  Editor  shall  be  appointed  an¬ 
nually  by  the  Council  at  its  first  meet¬ 
ing.  He  shall  be  chairman  of  the  Com¬ 
mittee  on  Publications  and  Technical 
Editor. 

3.  The  Board  of  Editors  shall  consist 
of  eight  Associate  Editors,  of  which  one 
shall  be  for  the  Junior  Academy,  one 
shall  be  for  News  and  Notes,  and  six 
shall  represent  the  various  areas  of 
science.  The  Associate  Editors  shall  be 
appointed  annually  by  the  Council  at  its 
first  meeting. 

4.  Sometime  between  May  1  and  Sep¬ 
tember  1  of  even-numbered  years  the 
Editor  and/or  the  members  of  the  Board 
of  Editors  shall  confer  with  the  Director 
of  the  Illinois  State  Museum  concern¬ 
ing  the  amount  of  appropriations  that 
should  be  requested  for  publication  of 
the  Transactions  during  the  next  State 
Biennium. 

V.  Suspension  or  Amendment  of 
By-Laws 

1.  These  by-laws  may  be  suspended 
or  amended  at  any  annual  meeting  of 
the  Academy  by  a  majority  vote  of  the 
members  present. 


OFFICERS,  COMMITTEES,  DELEGATES,  AND 
SECTION  CHAIRMEN,  1958-1959 


Officers 

president:  Harlow  B.  Mills,  State  Natural  History  Survey,  Urbana. 
first  vice-president:  C.  Leplie  Kanatzar,  MacMurray  College,  Jacksonville. 
second  vice-president:  Leslie  R.  Hedrick,  Illinois  Institute  of  Technology,  Chicago. 
secretary:  R.  A.  Evers,  State  Natural  History  Survey,  Urbana. 
treasurer:  Walter  B.  Welch,  Southern  Illinois  University,  Carbondale. 
librarian  :  Thorne  Deuel,  State  Museum,  Springfield. 

The  Council 

The  Council  consists  of  the  above  listed  six  officers  and  the  following  persons: 

general  chairman:  -junior  academy  of  science:  Wendell  A.  Lindbeck,  Northern 
Illinois  University,  DeKalb. 

coordinator  of  the  collegiate  section:  Norman  D.  Levine,  University  of  Illinois, 
Urbana. 


councilors:  Wayne  W.  Wantland,  Illinois  Wesleyan  University,  Bloomington. 

Lyle  E.  Bamber,  University  of  Illinois,  Urbana. 

Joan  Hunter,  Edwardsville  High  School,  Edwardsville. 

Delegates 

delegates  to  the  a.a.a.s.: 

Walter  B.  Welch,  Southern  Illinois  University,  Carbondale. 

Elnore  Stoldt,  Jacksonville  High  School,  Jacksonville. 


Committees 

affiliations: 

George  E.  Ekblaw,  Chairman,  State  Geological  Survey,  Urbana. 
Thome  Deuel,  Illinois  State  Museum,  Springfield. 

L.  H.  Tiffany,  Northwestern  University,  Evanston. 

Elbert  H.  Hadley,  Southern  Illinois  University,  Carbondale. 

ANIMAL  EXPERIMENTATION  IN  RESEARCH: 

Harold  Kaplan,  Chairman,  Southern  Illinois  University,  Carbondale. 
Garland  T.  Riegel,  Eastern  Illinois  Univeisity,  Charleston. 

Donald  T.  Ries,  Illinois  State  Normal  University,  Normal. 

F.  R.  Steggerda,  University  of  Illinois,  Urbana. 

budget : 

J.  W.  Neckers,  Chairman,  Southern  Illinois  University,  Carbondale. 

W.  W.  Wantland,  Illinois  Wesleyan  University,  Bloomington. 

Lyle  E.  Bamber,  University  of  Illinois,  Urbana. 

CONSERVATION : 

Willard  Klimstra,  Chairman,  Southern  Illinois  University,  Carbondale. 
Harlow  B.  Mills,  State  Natural  History  Survey,  Urbana. 

John  C.  Frye,  State  Geological  Survey,  Urbana. 

J.  Nelson  Spaeth,  University  of  Illinois,  Urbana. 

G.  Neville  Jones,  University  of  Illinois,  Urbana. 

Henry  Sather,  Western  Illinois  University,  Macomb. 

S.  Charles  Kendeigh,  University  of  Illinois,  Urbana. 

Stanley  A.  Changnon,  Jr.,  State  Water  Survey,  Urbana. 
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CONSERVATION  OF  ARCHAEOLOGICAL  AND  HISTORICAL  SITES  I 

Thorne  Deuel,  Chairman ,  Illinois  State  Museum,  Springfield. 

John  C.  McGregor,  University  of  Illinois,  Urbana. 

Fay-Cooper  Cole,  University  of  Chicago,  Chicago. 

C.  C.  Burford,  907  S.  Orchard,  Urbana. 

William  H.  Farley,  Box  433,  Harrisburg. 

Sol  Tax,  1126  East  59th  St.,  Chicago. 

JUNIOR  ACADEMY  ADVISORY  AND  SCHOLARSHIP! 

Lyell  J.  Thomas,  Chairman,  University  of  Illinois,  Urbana. 

Elnore  Stoldt,  Jacksonville  High  School,  Jacksonville. 

Percival  Robertson,  The  Principia,  Elsah. 

Chalmer  A.  Gross,  Southern  Illinois  University,  Carbondale. 

Albert  Willis,  11  S.  LaSalle  St.,  Chicago. 

Lewis  Hollmeyer,  Office  of  State  Superintendent  of  Public  Instruction,  Spring 
field. 

M.  G.  Moore,  Office  of  State  Superintendent  of  Public  Instruction,  Springfield 

LEGISLATION  AND  FINANCE! 

Percival  Robertson,  Chairman,  The  Principia,  Elsah. 

Morris  M.  Leighton,  State  Geological  Survey,  Urbana. 

Loren  P.  Woods,  Chicago  Museum  of  Natural  History,  Chicago. 

LOCAL  CONVENTIONS! 

Paul  C.  Silva,  Chairman,  University  of  Illinois,  Urbana. 

C.  W.  Hudelson,  Illinois  State  Normal  University,  Normal. 

Glen  S.  Winterringer,  State  Museum.  Springfield. 

W.  A.  Lindbeck,  Northern  Illinois  University,  DeKalb. 

R.  A.  Evers,  ex-officio,  State  Natural  History  Survey,  Urbana. 

MEMBERSHIP! 

G.  H.  Boewe,  Chairman,  State  Natural  History  Survey,  Urbana. 

Robert  L.  Carmin,  Co-Chairman,  University  of  Illinois,  Urbana. 

John  Harrison,  Co-chairman,  State  Geological  Survey,  Urbana. 

Donald  C.  Boardman,  Wheaton  College,  Wheaton. 

Robert  A.  Bullington,  Northern  Illinois  University,  DeKalb. 
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